"THE JOURNAL 


OF 


WILDLIFE 
MANAGEMENT 





Na 
Qoc> 
= 
SRN 

















CONTENTS 


Tae Causauiry or Microrine Cycies In GERMANY Fritz Frank 
RESPONSES OF ForRAGE TO TIMBER STAND IMPROVEMENT IN THE Missournr OZARKS _____ 
Thomas S. Baskett, Robert L. Dunkeson and S. Clark Martin 
REPRODUCTION OF Carp, LARGEMOUTH Bass, BLUEGILLS AND BLack CRAPPIES IN SMALL REARING 
Ponps Donald Mraz and Edwin L. Cooper 
Nores ON TootH DEVELOPMENT AND WEAR FoR Rocky Mountain Mute Deer — 
W. Leslie Robinette, Dale A. Jones, Glenn Rogers and Jay S. Gashwiley 
A SuMMER WuistLinc Cock Count or BoswuirTe Quai. As AN INDEX TO WINTERING PopuLations 
Walter Rosene, Tr. 
RANGE Use, Foop Hasirs, AND AGRICULTURAL RELATIONSHIPS OF THE MuLE DEER, BripceR 
MountTaIns, MONTANA Bruce T. Wilking 
WEIGHT AND Bopy-FaT RELATIONSHIPS OF MourRNING Doves IN ILLINOIS ae 
Harold C. Hanson and Charles W. Kossack 
CONCLUSIONS FROM A TEN-YEAR CREEL CENsUS ON A LAKE WITH NO ANGLING RESTRICTIONS ___ 


Warren Churchill 
Mute DEER AND ELK Foop Hasirs ON THE NATIONAL Bison RANGE 
Melvin S. Morris and John E. Schwartz 


RELATION OF Hay Harvestinc To Duck NESTING UNDER A REFUGE—PERMITTEE SYSTEM 






































GALVANOTAXIC RESPONSE OF FisH TO PuLSATING DimecT CURRENT 
Glenn N. Taylor, Larry S. Cole and William F. Sigler 


NICOTINE SALICYLATE FOR CAPTURING DEER 
Jack A. Crockford, Frank A. Hayes, James H. Jenkins and Seldon F. Feurt 


A Brier ACCOUNT OF THE DEER IN AUSTRALIA Arthur Bentley 


A TECHNIQUE FOR SAMPLING MouRNING Dove PRODUCTION 
J. F. Jumber, H. O. Hartley, E. L. Kozicky and A. M. Johnson 


AnmaL. CycLes AND Foop J. Burton Lauckhart 
Osrruary: NATHAN WARREN FELLOws, Jr. 
BRIEFER ARTICLES 
Foop or Woop Ducks Malcolm W. Coulter 
Foop or Fur SEALS IN THE EASTERN Beninc Sea _.___. Ford Wilke and Karl W. Kenyon 
DISPHARYNX NASUTA IN HUNGARIAN PARTRIDGE IN OnTARIO .. J. F. Bendell and R. D. Lisk 


Stress RESPONSE AND SURVIVAL TIME IN THREE WILDLIFE SPECIES 
Ruth L. Hine and Kenneth G. Flakas 


Foop or SEA OTTERS AND HARBOR SEALS AT AMCHITKA ISLAND Ford Wilke 


SociaAL AND RANGE DoMINANCE IN GALLINACEOUS BinpDS—PHEASANTS AND PRAIRIE GROUSE 
Ward M. Sharp 
A Marsa Deer “Diz-orr” iw Louisiana —_______. Leslie L. Glasgow and Allan Ensminger 
Crop THICKENING AND SEPTEMBER NEsTING OF Doves Larry D. Caldwell 
Vauiprry or Spur LENGTH AS AN AGE CRITERION IN PHEASANTS _______. Allen W. Stokes 
A CoLar FoR IDENTIFICATION OF Bic GAME Donald R. Progulske 


REVIEWS 

















Pt 











BERE BS ESE EERE EE 


ai 





























mate pee Se . “ Z 
7 Sie ae , 





The Jo of Wildlife Management is published by The Wildlife Society in Jan 
and October. Subscription $6.00 per year and current numbers $1.50. Society 
scription in annual dues. Back issues are available at $8.00 volume, $2.00 
following, which are out of print: Vol. 1, Nos. 1, 2 & 3; Vol. 2, Nos. 2, 3 & 4; Vol. 3, all 
Vol. 5, Nos. 3 & 4; Vol. 7, Nos. 1, 2 & 4; and Vol. 8, Nos. 1, 2 & 3. 

Manuscripts for publication, books and papers for review, news notes and correspondence 
cerning them should be sent to the Editor, Joszepn J. Hickey, 424 University Farm Place, Madison 
Wisconsin. 

Dues, subscriptions, changes of address, requests for missing numbers, applications for memb 
ship, and other correspondence should be sent to the Executive Secretary, DANrEL L. LEEpy, Br 
of Wildlife Research, U. S. Fish and Wildlife Service, Washington 25, D.C. 

The Society is not responsible for supplying missing issues unless the Executive Secretary is notified 
within 60 days of the date of publication. f 

Entered as Second Class Matter, at the Post Office at Lawrence, Kansas, under the Act of M 
3, 1879. 








- 





THE JOURNAL OF WILDLIFE MANAGEMENT 





YouuME 21 


APRIL 1957 


NuMBER 2 





ee 


THE CAUSALITY OF MICROTINE CYCLES IN GERMANY 


(Second Preliminary Research Report ) 


Fritz Frank 


Institut fiir Griinlandfragen der Biologischen Bundesanstalt fiir Land— und Forstwirtschaft, 
Philosophenweg 16, Oldenburg (Oldb), Germany 


Hitherto the phenomenon of cycles has not 
been a subject of detailed research in central 
Europe, so one could have the impression 
that cycles of extreme degree do not exist in 
the temperate zones of this continent (and 
this is otten asserted, indeed); but this is not 
the case. The central European rodents not 
only exhibit irregular population fluctua- 
tions, but some of them also show regular 
cycles of an intensity and a strict periodicity 
not inferior to those of the cyclic animals in 
the arctic zone. Primarily, there are large 
plague districts of Microtus arvalis Pallas 
in Germany and her neighbouring countries 
which can be followed back at least to the 
fifteenth century. Recently, these plague 
districts have increased because of cultiva- 
tion measures, especially the drainage of 
moist lowlands and fens, which create opti- 
mal biotopes for the voles (Frank, 1953c, 
1955, 1956b ). Besides, particularly since the 
end of the last war, Microtus agrestis L. 
caused heavy damage in the forest planta- 
tions, as it did in Great Britain, and it did 
so in a decidedly cyclic manner (Frank 
1952). Systematic research on the causalit® 
of these cycles was started by the author in 
195] at first with main emphasis on M. ar- 
valis. Besides detailed publications, a first 
preliminary report was given in 1954 (Frank, 
1954b ). In the meantime, many new results 
have been collected—in laboratory popula- 
tions of more than 10,000 animals and in 
outdoor-cage populations, as well as in wild 
populations involving 1,150 individually 
marked animals. This paper summarizes the 
present state of the work, including as-yet- 
unpublished material. I am much indebted 
to Frances Hamerstrom, Plainfield (Wis. ), 
and to Robert Rausch, Anchorage (Alaska ) 
for critically revising my English rough copy, 
and also for inducing me to adjust my eco- 


logical terms to American usage and to 
formulate some passages more precisely. 
The main emphasis on cyclic work for- 
merly was mostly placed on the attempt to 
get to the bottom of the causality of cycles 
by analysing and explaining the periodicity 
from phenological data, often with specula- 
tion on cosmic causalities before having ex- 
plored all terrestrial events and influences. 
In contrast, the German researches were 
concentrated on the observation and analysis 
of the internal events occurring in cyclic 
populations and on the environmental fac- 
tors influencing them. Naturally, we are 
not able to solve all problems connected 
with microtine cycles in so short a time, 
but I dare say many partial solutions have 
now been attained. When assembled, they 
already show a rough picture of the cyclic 
structure established on a foundation of 
facts containing few elements of a specula- 
tive or hypothetical nature. In this way the 
cyclic phenomenon presents itself—as do 
other biological problems—as an interaction 
between biological events and environmen- 
tal factors of a particularly complicated 
structure, depending on several factor- 
groups and many individual factors. 


POPULATION INCREASE 


First, population increase results from 
three factor-groups—the “reproductive po- 
tential” of the cyclic species, the “carrying 
capacity” of the environment, and that which 
I call in German “Verdichtungspotential” 
(Frank, 1954b), in English “condensation 
potential” of the cyclic species. 


Reproductive Potential 

This first factor-group is based on age at 
maturity, litter size, litter succession, and 
length of the reproductive season. Working 
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with a captive population of more than 
10,000 laboratory-reared animals (Frank, 
1956a ) and individually marked wild popu- 
lations of M. arvalis (yet unpublished ), my 
findings concerning this point had most re- 
markable results. M. arvalis distinguishes 
itself by having a pronounced suckling-ma- 
turity. The young females, which suckle un- 
til the seventeenth day, already show a per- 
forated vagina from the eleventh day on 
and are mated by old males from the thir- 
teenth day on. Correspondingly, the earliest 
litters were dropped by a wild female 33 
days old and by a captive female 34 days old 
(pregnancy lasts 19-21 days, on an average 
20 days). Indeed under natural conditions, 
a high proportion of the young females 
mate in the maternal home range before 
being weaned or immediately after being 
weaned.’ But this happens only in the spring 
and summer; the females born during and 
after September for the most part do not 
reach sexual maturity in the same year. In 
the autumn the young generally show a slow- 
er growth rate than in the spring and sum- 
mer, when an astonishing growth rate is evi- 
dent. At the age of about 40 days a pregnant 
female can weigh up to 34g., and the males 
of this age also may be as heavy as very old 
animals. Every analysis of vole populations 
for age classification based on weight classi- 
fication, therefore, must lead to serious 
errors, and conclusions based on them are 
subject to question (Frank and Zimmerman, 
1957). 

Besides age at maturity, reproductive po- 
tential is based on litter size and litter suc- 
cession. Litter size depends upon inherit- 
ance, upon age and size of the female, and 
upon season ( Frank, 1956a ), and is modified 
by several environmental influences; in par- 
ticular, quality and quantity of food are of 
decisive importance. In M. arvalis maximum 
litter size is 12; in one case Reichstein (1957) 
found 13 embryos. Under optimal condi- 
tions postpartum mating is usual, so that one 
litter follows another every 20 days. The 
maximum number of litters produced by 





*Early maturity of females seems to be a general 
feature of the genus Microtus because I found 
mating females 20 days old also in M. oeconomus 
(Frank and Zimmermann, 1956). As far as I know 
suckling-maturity among other mammals has hither- 
to been established only for Mustela erminea L. 
(Miiller, 1954). 


one female in my laboratory-reared Popul 
tion of more than 10,000 animals has ee 
33, with 127 young and an average litte 
size of 3.85. Under optimal food and dl. 
matic conditions in spring and summer the 
average litter size in wild populations can 
amount to 7 young. Concerning reproduc. 
tive efficiency, M. arvalis represents a maxi. 
mum among all mammals hitherto invest. 
gated. In captive females the litter weight 
amounts to 53.2 per cent of the mother’s 
weight (both measured immediately after 
birth ), while in other mammals, for instance 
some other rodents and pygmy dogs, it is 
only one-third (Frank, 1956a). 

Length of the reproductive season, a fur. 
ther factor influencing reproductive poten- 
tial, continues from February or March to 
October or November, but under favourable 
conditions, for example in cornricks, repro- 
duction goes on through the winter (Stein, 
1953a; Frank, 1954b). On the whole, 
M. arvalis, and probably M. agrestis, both 
showing pronounced cycles, possess an un- 
common reproductive potential attainable 
under the optimal environmental conditions 
presented in the plague districts. 


Carrying Capacity of Environment 
Whether or not this high reproductive po- 
tential causes a violent population increase 
depends on the second factor-group, the 
carrying capacity of the environment. In 
other words, it depends on whether or not 
the environment can support a high popula- 
tion. The individual factors influencing this 
are especially food, cover, sunlight, good 
overwintering places, and ground-water 
level (but in the case of M. arvalis not the 
nature and humidity of the soil). Also it is 
striking that all plague districts of M. arvalis, 
although they lie in very different geological 
formations (lowlands, marshes, fens, loam 
steppes, lower mountain regions, etc. ), show 
very similar characteristics in the structure 
of their landscape. They always represent 
large, open, monotonous, and uniform bio- 
topes with extremely scant cover of trees 
and bushes, which we call “cultivation 
steppes” caused by human activity in the 
once-wooded or marshy central European 
country. Extremely severe and _ regular 
plagues of M. arvalis occur only in such 
biotopes, evidently representing the eco- 
logical optimum for this species; in districts 
miscellaneously covered by varied biotopes 
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and higher proportions of woods, trees, and 
bushes, only moderate fluctuations are visi- 
ble. Doubtless these circumstances repre- 
gent certain parallels to the opinion of 
Dymond (1947), that the uniformity of the 
arctic biotopes favours the amplitude of 
cycles. This further shows that not only 
the climate but also the structure of environ- 
ment is important for the origin of regular 
cycles, which indeed are observable in the 
temperate zones where there are correspond- 
ing environmental conditions. The abun- 
dance and the cycles of M. arvalis are also 
influenced by the economic use of the coun- 
try. Extensive agricultural use favours 
plagues, intensive use prevents plagues. On 
grazing land a low stock of cattle and an 
extensive pasturing favours plagues, while 
high stocks of cattle and intensive pasturing 
prevent plagues (Frank, 1956b ). 

Thus, in central Europe, the cycles of 
M. arvalis are “released” by human cultiva- 
tion. This enables us to stop the develop- 
ment of plagues by an ecological and eco- 
nomic reorganisation of the plague districts. 
Based on this example the author has postu- 
lated the introduction of the more effective 
“ecological plague control” for crop protec- 
tion, rather than the usual chemical pest 
control by poisons and biological control by 
encouragement of enemies and _ parasites 
(Frank, 1956b). In principle, the same is 
valid for M. agrestis, which shows regular 
fluctuations only in former woodland where 
the trees have been felled or new plantations 
of trees are laid out, and the bare plains are 
covered with large grass jungles, evidently 
representing the ecological optimum for this 
species (Frank, 1952, 1954b). In any case 
true cycles appear only under optimal en- 
vironmental conditions permitting both the 
realization of the high reproductive potential 
and the establishment of the descendants 
produced by this potential: in other words, 
where a high carrying capacity is present. 
On this point our conclusions probably come 
near to some of the ideas expressed by Paul 
Errington. 


Condensation Potential 


The degree of the population increase 
depends decisively on the third factor-group: 
the condensation potential, which consists 
of certain behaviour mechanisms that en- 
able many cyclic species to live at an un- 
commonly high population density. Before 


describing these behaviour mechanisms I 
must explain the new term “condensation 
potential” (Frank, 1954b). It is based on 
all intraspecific and especially social be- 
haviour that favours the increase of density. 
Normally the condensation potential is 
limited by intrinsic behaviour, especially by 
territoriality, to a “saturation point” which 
is approximately adapted to the carrying 
capacity of the environment. It seems to 
be a feature of many cyclic species that they 
show particular social behaviour that abol- 
ishes the normal limits, and enables them, 
under optimal environmental conditions, to 
exceed the saturation point so far that the 
carrying capacity of the environment is 
greatly exceeded, and simultaneously popu- 
lation regulation by crash, mass emigration, 
or other drastic mechanisms becomes neces- 
sary and inevitable. In M. arvalis the con- 
densation potential concerns: reduction of 
the home ranges, social communities of the 
females, and diminution or elimination of 
males. These points seem worth stressing 
as aspects of cycle research that further the 
understanding of this phenomenon and of 
population dynamics in general (Frank, 
1954b, 1956a ). 

Fundamentally the European microtines 
are territorial animals; this we have demon- 
strated in the laboratory (Frank, 1953a, 
1956a) as well as in individually marked 
wild populations. Females occupy a range 
around their burrows where they tolerate no 
stranger of their species. Females tolerate 
a strange male in their home ranges only 
when they are in heat and even then the male 
must fight to approach. With the exception 
of the short period of heat, all strangers of 
either sex are driven away. This home range 
has a diameter of 10-20 meters during the 
reproductive season. Males inhabit an ir- 
regular larger range, wandering from female 
to female to mate those that are in heat. 
They are only intolerant of strange males of 
mature age. Recently we found that in 
spring and summer the young males with- 
out exception disappear from their mother’s 
territory and its surroundings after becoming 
mature, and the old males mating the resi- 
dent females are all strangers, having im- 
migrated from other places. This would 
tend to prevent inbreeding. In contrast, the 
young females settle in the immediate vicin- 
ity of their mother’s home range, or some- 
times within it. When space becomes scarce, 
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the size of the home ranges can be reduced. 
This also gives the voles a considerable con- 
densation potential (Frank, 1953a). 

In contrast to the territorial behaviour 
that causes intraspecific demarcation and 
guarantees the individual space and food 
needed for life and reproduction, the follow- 
ing mechanisms favour life in social com- 
munities and also high density. In the first 
place we have the “mother-family,” con- 
sisting of the female and her suckling young, 
sometimes also her unmated subadult off- 
spring. But this is not typical of spring and 
summer when, for the most part, the weaned 
young, particularly the males, leave the 
maternal home range. “Great families” arise 
every autumn, for the last two to three litters 
of the year remain in the maternal home 
range (because the female does not drive 
them out ), and constitute the overwintering 
community (Frank, 1954a). This lightens 
existence in the cold season when stress is 
great; all live together in a single, thickly 
lined nest, the many small individuals form 
a greater thermal unit, and the loss of heat 
and energy is significantly reduced. Freez- 
ing weather and heavy precipitation reduce 
the activity of the voles, which remain in 
their nests and eat the food stores they 
have brought in during autumn. Neverthe- 
less, the size of the home ranges and the 
radius of activity of the voles is importantly 
enlarged during winter (about four or five 
times larger than the summer home range), 
probably because of both the greater 
number of the inhabitants (overwintering 
community instead of the female and her 
last litter in summer), and because of the 
shortage of available food requiring a larger 
feeding area for these herbivorous animals. 
In the peak years the impossibility of such 
an enlargement of activity radius, caused 
by population density, might contribute 
much to intensify competition for food and 
to bring on a crash situation. In spring the 
overwintering communities dissolve by 
scattering. 

Furthermore, a behaviour mechanism of 
highest importance is involved in the nest 
communities of the females (Frank, 1953a). 
Increasingly with population condensation, 
the young females remain together, occupy 
a common territory, and bring up their 
litters in a single nest by means of social 
breeding care. Generally they remain to- 
gether for the rest of their lives, and if they 


change their home range because of disty,. 
bance, etc., they move as a community, ofte, 
with their young also. The nest commynj 

can consist of 2-4 (perhaps 5) sisters, and 
sometimes of their mother too. The decisive 
influence of this behaviour upon the popu. 
lation dynamic is that it enables these Dri- 
marily territorial animals to live in an gh, 
normally high density. In this way not only 
more females can live in the same space 
but also a correspondingly greater numbe; 
of young can be produced and brought up, 
Doubtless this particular social behaviour of 
M. arvalis explains the uncommon popuh. 
tion density and the outright explosive popy. 
lation increase in plague centres, i.e., those 
parts of the plague districts ecologically most 
favourable and first occupied by the voles, 

In contrast to the females, the mature 
males cannot draw so near to one another 
because they generally display rivalry (ey. 
cept as members of a family or of an over. 
wintering community). During population 
increase in a given space, the number of 
old males remains the same, while that of 
the mature females rapidly increases. Pro. 
gressing with population condensation, a 
considerable elimination of mature males 
occurs (Frank, 1953a, 1954a, 1954b; Stein, 
1953b ). This reduction is also evident from 
the pellets of owls ( Becker, 1954), and thus 
not caused by selective predation (on the 
males), but by intraspecific competition 
(among the males). In spring and summer 
the weaned young males, without exception, 
leave their birthplaces, probably because of 
an innate drive after maturing. They must 
look for a new home range and come up 
against all other males they meet. Whether 
their number diminishes by killing each 
other or merely by driving each other away 
requires further observations. A large nun- 
ber of the wild males show injuries, espe- 
cially bites in the region of the hindquarters, 
and lost tails, caused by intraspecific fight- 
ing; however, these injuries might have been 
acquired from resident females as well as 
from other males. 

Thus we see that the intraspecific, es- 
pecially social, behaviour of the animals is 
of great importance to all population-dy- 
namic events. Further research is needed 
on this point, especially in other cyclic 
species, to find out whether similar or other 
condensation mechanisms are prevalent. 
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PoPpULATION DECLINE 


What causes the population decline of 
v.arvalis? The life span of the little micro- 
tines is naturally short. Periods of crises and 
losses seem to be: (1) becoming acquainted 
with the maternal home range first, in which 
there is danger if strange neighbours are 
encountered; (2) the period of spreading 
after weaning, which involves heavier losses 
in the males than in the females; and (3) 
the winter season, which normally dimin- 
ishes the population up to 50 per cent or 
more (Frank, 1954b). The animals of my 
marked wild populations never survived 
two winters, and the markedly old individ- 
uals almost all succumb to the stresses of the 
first winter months. Not only those individ- 
uals that have survived a winter die, but 
also those born in spring and summer that 
had reproduced suffer mortality. Their body 
weight gradually diminishes throughout the 
autumn, and their body reserves are nearly 
consumed by then. In contrast, the young 
animals born in the autumn increase in 
weight and lose only a little in the begin- 
ning of winter; then their weight is main- 
tained during the winter months (mostly 
about 12-18g.) and mounts again quickly in 
early spring. While the period of spreading 
causes heavier losses among males, winter 
mortality strikes more females because they 
are mostly somewhat smaller and weaker 
(Frank, 1954b). Nevertheless, mortality 
effects a real selection by eliminating the 
less fit individuals. After the winter period, 
the surviving population consists nearly ex- 
clusively of autumn-born animals that had 
remained sexually immature until spring. 
The older voles, already having participated 
in reproduction during the last year, have 
vanished with only few exceptions. 

Winter mortality can be so great, partic- 
ularly in extremely severe winters, that the 
population declines to a minimum level by 
a gradual die-off of most individuals; but 
this happens only when population density 
is not high enough to produce a regular 
crash. However, the physiological mechan- 
ism of this gradual die-off seems to be similar 
to that of the regular crash, and to be based 
on the endocrine system also (see below). 
In this way, the stress of such a severe winter 
can injure the survivors of the gradual die- 
off (and also of a regular crash) so much 
that a remarkable subsequent mortality oc- 


curs among them during spring. They do 
not mount in weight and can hardly bring 
up their young, which therefore show heavy 
mortality. This has already been pointed out 
by Chitty (1952, 1955) and in every way 
confirmed also by my own researches in 
outdoor cages (Frank, 1954a) as well as by 
research on wild populations of M. arvalis 
and M. agrestis (as yet unpublished). There- 
fore, vole populations always have a diffi- 
cult and slow start toward recovery after 
severe winters and after crashes. Predation 
plays only a very small part, because preda- 
tors are not at all numerous in the plague 
districts, having been kept down both by 
the unfavourable, monotonous and coverless 
biotope and by human persecution (Frank, 
1954b, 1955, 1956b). 

In the peak years characterized by over- 
crowding, the regulation of microtine popu- 
lation density by no means shows itself as 
mass emigration as with the lemmings 
(Lemmus lemmus L.), for we observed 
movement of individuals only, more com- 
monly in the males than in the females. As 
previously stated, the latter are generally in- 
clined to settle in the neighbourhood of their 
birthplaces as long as they are able to find 
places unoccupied by other females. But 
space finally becomes scarce (in spite of and 
after reduction of the size of the home 
ranges ) and competition among females in- 
creases. Reproduction is then gradually re- 
stricted (Frank, 1953a, 1954a). The degree 
of embryonal resorptions, infertility, and 
mortality of young all mount quickly, but 
population density can no longer be regu- 
lated by these; the carrying capacity of the 
environment has already been greatly ex- 
ceeded. For this reason regulation must be 
performed by a more effective mechanism: 
the crash. Our investigations could not pro- 
duce any evidence for the hypothesis that 
epizootic diseases or parasites cause the 
crash, although our material was examined 
by many specialists (Frank, 1953b). An ex- 
planation was only possible on the basis of 
Christian’s (1950) important idea that the 
“shock disease” of the varying hare (Lepus 
americanus Erx.), discovered by Green and 
Larson (1938), seems to be an appearance of 
the general adaptation syndrome of Selye 
(1946). 

First I must say that the crash symptoms 
in M. arvalis are the same as in L. amer- 
icanus: lethargy, convulsions, liver degen- 
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eration, enlargement of the adrenals and 
hypoglycemia, and moreover (not mentioned 
by Green and Larson) marked decline in 
body temperature long before death, and 
behavioural changes such as crowding and 
cannibalism. The last represents an impor- 
tant chance for survival of the fitter individ- 
uals by making use of the carcasses of their 
dead companions as food reserves during the 
period of general deficiency or shortage of 
vegetable food already used up by the over- 
crowded population (Frank, 1953b). Not 
only have we found these symptoms experi- 
mentally in outdoor cages where vole popu- 
lations were kept overcrowded and showed 
drastic crashes, but we were also able to 
produce crash symptoms by artificial hypo- 
glycemia induced by insulin injections; con- 
versely, the symptoms could be suspended, 
temporarily at least, by injection of grape 
sugar (Frank, 1953b). 

We get the impression that condensation 
and crowding favour competition and cause 
a state of psychological excitement being 
transformed by the pituitary-adrenocortical 
system into a physical stress. This, acutely 
combined with the stress of food shortage, 
produces a “readiness” for crash, whether 
the real releasing of the crash is caused by 
an increase in the force of these stresses, or, 
in nature, largely by additional meteorologi- 
cal stresses, such as periods of cold or pre- 
cipitation. On the whole, a situation with 
several stress-producing components ulti- 
mately produces the resulting “crash” either 
when all stress factors jointly reach a critical 
point or value, or when a new stress is super- 
imposed on the already stressed adreno- 
pituitary system. 

In my opinion, our results confirm the 
basic trends of ideas presented by Christian’s 
(op. cit.) important working hypothesis, but 
my results differ in one essential point. 
Christian supposes that the crash, the readi- 
ness for which is brought about by several 
stresses, is ultimately caused and released 
by the additional stress of the activation of 
gonads happening in the early spring. But 
I never found any enlargement of testes and 
uteri in crashing wild populations. Also in 
my experimentally induced crashes of out- 
door-cage populations, activation of gonads 
was certainly not in play. I am therefore 
convinced that gonadotrophic demands are 
not involved in the crash phenomenon, in 
Microtus at least. In my conception the 


ultimate trigger, producing the crash of yole 
populations, is an additional stress of mete. 
orological events, particularly frost period, 
I believe that this conception explains bette; 
than Christian’s the sudden advent of , 
crash within a few days. The stress of 
gonadotrophic demands would be extendeg 
over longer time and would operate in very 
different moments upon the single animaj 
In contrast, the meteorological stress caused 
by the intrusion of frost periods acts equally 
and suddenly upon all individuals and makes 
more easily understandable the suddenness 
of the crash. 

Nevertheless, gonadotrophic activation 
might play an essential role, indeed, in the 
subsequent mortality occurring in spring 
among the survivors from crashes and grad. 
ual winter die-offs, which was discovered by 
Chitty (op. cit.) and also found in the vole 
populations investigated by the author (see 
above). In this case, gonadotrophic activa. 
tion presents a true additional stress upon 
the endocrinological system, as Christian has 
supposed. 

I must emphasize that this conception is 
based on investigations in vole populations 
only. In any event, it now seems to be cer- 
tain that the adreno-pituitary system has de- 
cisive importance in intraspecific regulatory 
events occurring in vertebrate populations, 
Further research is needed to complete and 
deepen our knowledge of this important 
point, and to find out in what manner and 
with which different effects this psycho- 
physiological mechanism is operating and 
which environmental factors are acting up- 
on them, in voles as well as in other rodents 
and vertebrates generally. 


THE PERIODICITY OF CYCLES 


Many workers on the periodicity of cycles 
(recently again Siivonen and Koskimies, 
1955) attempt to connect this problem with 
cosmic factors before having explored all 
terrestrial environmental factors possibly 
influencing it. But nearly all such work on 
this subject generally seems to suffer from 
the fact that the phenological data, particv- 
larly the meteorological conditions, are not 
brought into relationship as the most im- 
portant environmental factors acting upon 
cyclic populations. Favoured by the ex- 
tremely equalized temperate climate in the 
Gulf Stream neighbourhood of northwestem 
Germany, Maercks (1954) has been able to 
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evaluate the interaction between the cycles 
of M. arvalis and meteorological events over 
period of 39 years, based on the five-day 
median values of temperature, quantity and 
frequency of precipitation, and duration of 
sunshine. Therefore the cyclic events take 

lace in a rather “pure culture” generally 
jittle influenced by extreme changes in 
weather conditions, which—if they occurred 
_could easily be analysed regarding their 
effects on the cyclic events. Maercks found 
aclear and strict microtine-cycle periodicity 
of three years from peak to peak, obviously 
caused by the reproductive and condensa- 
tion potential of the species and the carrying 
capacity of its environment. Under optimal 
environmental conditions M. arvalis is able 
to replenish a plague district within three 
years so completely that the carrying capa- 
city is exceeded and natural regulation by 
crash must occur. Every population has its 
own autonomous periodicity, and in other 
spheres (other species or other environment, 
or both) there will be other frequencies of 
the periodicity (Frank, 1954b). Dymond 
(1947) has already suggested that animals 
with a high and constant reproductive po- 
tential may be able to populate deficiently 
buffered’ biotopes of optimal and constant 
ecological conditions at regularly occurring 
intervals to an unbearable density. 

As to the influence of meteorological con- 
ditions, Maercks (ibid.) found frequent 
quantitative oscillations in the degree of the 
peak population density and plague damage, 
but few temporal mutations of the periodi- 
city itself. The former are caused by changes 
of rainfall and duration of sunshine, for ex- 
ample, while the latter are all reducible 
to uncommon and extreme deviations in 
weather conditions, especially in winter. In 
the 39 years investigated by Maercks, the 
three-year periodicity has undergone three 
mutations, which led to the following con- 
clusions: (1) A particularly mild winter 
prolongs the plague over a two-year period, 
and therefore the cyclic interval extends to 
four years, because the expected crash does 
not happen but comes a year later; (2) an 
extremely long and severe winter cuts off 
the population increase by causing a gradual 





‘These are biotopes with a scarcity of natural 
counterpowers to the species in question, as enemies, 
competition by other species, limit of food and habi- 
tats, or other unfavourable ecological conditions. 


die-off or a precocious crash and forcing a 
new start of population increase. 

In both cases the cycle periodicity suffers 
a shifting of phase by one year (or more 
perhaps in other cases). This shifting, in- 
deed, is a point in the cycle phenomenon 
that has caused considerable difficulty to 
cycle workers, who have almost established 
a periodicity of 3 1/3 years. But this was 
unsatisfactory because the cyclic periodicity 
is based (in my opinion at least) on the re- 
productive season's being fixed by the astro- 
nomical year. Every biological periodicity 
extended over several years might also pre- 
sent whole numbers corresponding to the 
whole numbers of years. This difficulty is 
removed by the shifting of phase caused by 
meteorological deviations that occur in every 
climate; the phase shift easily explains the 
fact that animal cycles never show a sym- 
metrical periodicity over a long period of 
time but always show a few exceptions or 
deviations from the prevailing equal pe- 
riodicity (three years in the case of Microtus 
arvalis ). 

Also the striking conformity in the peri- 
odicity of different cyclic populations and 
plague districts, independent of and isolated 
from each other, is produced by meteoro- 
logical conditions prevailing equally over a 
large region (Frank, 1954b). For example, 
an uncommon and extremely severe winter 
will simultaneously throw back all popula- 
tions influenced by it (each having its own 
autonomous periodicity previously), to a 
new (and common) starting point. Never- 
theless, some populations exposed to special 
environmental conditions can show a dif- 
ferent periodicity, most commonly because 
favourable overwintering conditions have 
counterbalanced unfavourable meteorologi- 
cal conditions. 


SUMMARY 


The results of recent work on microtine 
cycles occurring in Germany enable us to 
understand this phenomenon as an inter- 
action between biotic and environmental 
factors only, and without aid of any hypo- 
thetical explanation by extraterrestrial “cos- 
mic” factors. It may be supposed that the 
causality of other animal cycles will find 
a similarly “natural” explanation after being 
explored as intensively as the cycles of Mi- 
crotus arvalis in Germany. Although these 
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are indeed “released” by human cultivation 
measures, which have produced optimal bio- 
topes and thus the ecological base of cycles, 
the biotic causalities and laws of these cycles 
must be the same as those prevailing in 
cycles occurring in natural districts not in- 
fluenced by man. 

Concerning M. arvalis the population in- 
crease is based on: (1) a high reproductive 
potential based on (a) extremely early ma- 
turity and mating (in females often before 
being weaned), (b) high reproductive ef- 
ficiency (litter weights to 53.2 per cent of 
the mother’s weight), (c) large litter size 
(maximum 12-13, average in wild popula- 
tions about 7 young), (d) rapid litter suc- 
cession (pregnancy about 20 days, post- 
partum mating normal), and (e) extended 
season of reproduction (sometimes through- 
out winter); (2) a high carrying capacity 
of the environment under the optimal eco- 
logical conditions of the plague districts, 
based on food, cover, ground-water level, 
sunlight, overwintering places, and last but 
not least on the uniform structure of the 
landscape; and (3) a high “condensation 
potential” based on behaviour, particularly 
social mechanisms concerning (a) reducible 
home-range size during population increase, 
formation of (b) “great families” and (c) 
overwintering communities, (d) communal 
nesting of females, and (e) elimination of 
males. On the whole, these factors suffi- 
ciently explain the outright explosive in- 
crease and the uncommon density of micro- 
tine populations in German plague districts. 

Because this rapid population increase 
cannot be regulated by normal mortality 
and dispersal, more efficient regulatory 
mechanisms are called into play. When the 
supportable density of population is ap- 
proached, restriction of reproduction and 
accelerated individual emigration take 
place, but these are not enough to keep the 
population within the limits set by the car- 
rying capacity of the environment. When 
supportable density is exceeded, crash, 
caused by shock disease, occurs in the fol- 
lowing winter. Psychological stresses (such 
as crowding and competition ) and physical 
stresses (such as food shortage) produce a 
“readiness” for crash, but the real trigger 
is largely the additional meteorological stress 
of winter. Three years are ordinarily re- 
quired to reach this point, hence an auto- 
nomous and strict 3-year periodicity exists. 


The seldom-occurring deviations (“shifti, 
of phase”) are caused only by uncommon 
meteorological conditions. Unusually severe 
winters synchronize the periodicity of igo, 
lated populations over large districts, 

On the whole, cycles take place where the 
high biotic potential of the species is fyl}y 
realizable in the optimal biotopes of plague 
or other cyclic districts. It seems remark. 
ble that this disproportion is not balanced 
by selection. Cycles have undoubtedly gone 
on from time immemorial, and the quick 
succession of generations of voles should 
have favoured such an adaption in a rela. 
tively short time. 
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The amount of deer forage produced in 
forest stands is influenced greatly by the 
type of forest management practiced in the 
stands. In the Missouri national forests, 
about 30,000 acres are being cut selectively 
each year; approximately 83 per cent of this 
acreage receives follow-up timber stand im- 
provement consisting of killing cull trees. 
This type of management helps offset the 
progressive closure of the forest canopy re- 
sulting from effective protection against 
fire, and releases low-growing plants in the 
small openings scattered throughout the for- 
est. Although it is apparent that the amount 
of deer forage often increases in these open- 
ings, quantitative data on the nature of 
these increases are few. 

The present study was designed to pro- 


‘Martin now at Rocky Mountain Forest & Range 
Experiment Station, Tucson, Arizona. The writers 
are indebted to L. W. Hornkohl and P. D. Dalke for 
laying the groundwork of this study. 


vide such data for a release made by gird- 
ling cull trees in a post oak—blackjack oak 
stand with dense tree reproduction. This 
study was similar to one we reported earlier 
(Martin, et al., 1955,) which, however, 
tested effects of release under seemingly 
more favorable conditions for forage spe- 
cies, i.e. a white oak site with sparse tree re- 
production. This study also had some sim- 
ilarity to that made by Cassady (1952), who 
showed that the yield of bluestem grasses 
more than doubled three years after scrub 
hardwoods were controlled on an area in 
central Louisiana. 


LOCATION 


The present study was made on a 12.5- 
acre area in the Missouri national forests in 
Phelps County. Two-thirds of the area was 
nearly level with fine-textured top soils; the 
remainder was a stony south-facing slope. 
The scattered dominant overstory of this 





122 JOURNAL OF WILDLIFE MANAGEMENT, VoL. 21, No. 2, Apri 1957 


two-storied forest consisted of post oak 
(Quercus stellata® ), blackjack oak (Q. mar- 
ilandica), black oak (Q. velutina), and 
Buckley's hickory (Carya texana). In 1955, 
after several cull trees girdled in 1950 had 
died, the dominant overstory consisted of 15 
to 20 trees per acre, of which about five 
were merchantable. The understory con- 
sisted of more than 4,200 three- to twelve- 
foot hardwood sprouts per acre. As shown 
by annual rings, all the sprouts dated from 
the last general fire in the early 1930's. 
Browse, forbs, and perennial grasses were 
sparse. 

Although a few cedars (Juniperus virgin- 
iana) and short-leaf pines (Pinus echinata ) 
had been planted in one portion of the 
study area during the 1930's, no recent log- 
ging or timber stand improvement had been 
conducted in the immediate vicinity prior to 
the start of this study in 1950. Recent graz- 
ing by cattle was negligible, and deer pres- 
sure was light. 


PROCEDURE 


In August 1950, all cull trees in each of 
three parallel strips, 233 feet by 700 feet, 
were girdled according to the Forest Ser- 
vice procedure that was then standard; no 
herbicides were used. Noncommercial spe- 
cies (blackjack oak and Buckley’s hickory ) 
larger than 4 inches d.b.h. were girdled, as 
were cull trees of merchantable species 
(post oak, black oak, and a few white oaks, 
Q. alba). Three similar check strips were 
alternated with the three girdled strips. 

Frequencies of forage species were sam- 
pled around three large “hub” trees in each 
strip. Thirteen circular one-square-foot 
plots were located at two-foot intervals 
along three 25-foot lines radiating from each 
hub tree. Thus, there were 351 one-square- 
foot plots in the girdled strips, and an equal 
number in the untreated strips. 

About half the plots were underneath the 
crowns of hub trees. In the treated strips, all 
hub trees were girdled; thus it was assured 
that most of the plots were subjected di- 
rectly to overhead release. 

The record for each one-square-foot plot 
was a list of species occurring upon it, and 
summaries were expressed as the average 
number of species per plot. Crown cover of 
all trees more than 10 feet tall was used as a 





2Nomenclature as given by Fernald (1950). 


measure of overstory influence; the pres. 
ence of crown cover was recorded if one o 
more trees overhung a plot. Other classes of 
vegetation recorded were: tree reproduc. 
tion, palatable browse, grasses, and forbs 
Tree reproduction included trees less than 
10 feet tall overhanging the centers of the 
plots. Palatable browse included shrub, 
vines, and small trees of species palatable ty 
deer in Missouri (Dunkeson, 1955). Browse 
was tallied if rooted within the plots or if jt 
overhung the plots at heights of less than 
5 feet. Grasses and forbs were included 
only if rooted within the plots. 

All records of vegetation obtained were 
actually based on frequencies. However 
frequencies of the important grasses, forbs, 
and browse species were relatively low, and 
under such conditions frequency is a good 
indicator of abundance (McGinnies, 1934) 


RAINFALL 


Results of this study were affected de. 
cidedly by rainfall. The growing season of 
1951 (the first after girdling was per. 
formed ) was abnormally wet. According to 
weather data taken or estimated from U.S, 
Weather Bureau Annual Summaries for 
Missouri, rainfall at Rolla, 17 miles from the 
study area, was 56.1 inches in 1951—146 
inches more than the average annual 
amount. For the next four years, however, 
rainfall was less than normal; in fact there 
were two of very severe drouth. Approxi- 
mate departures from normal at Rolla were 
as follows: 1951, +14.6 inches; 1952, -12.7 
inches; 1953, —15.9 inches; 1954, —5.3 inches; 
and 1955, -3.8 inches. A few large trees 
died, probably as a result of drouth, and 
forbs declined precipitously over the five 
years in both girdled and untreated strips. 
Other types of vegetation were not so no- 
ticeably affected, but even for them, the 
value of the following data lies principally 
in comparisons of vegetation in girdled and 
untreated plots, rather than in increases 
within the girdled plots. 


RESULTS 


Crown cover showed the expected decline 
following girdling (Fig. 1). In the w- 
treated strips, crown cover changed but lit- 
tle, with slight gains from growth being par- 
tially offset by drouth kill. 

Tree reproduction increased moderately 
in the girdled strips over the five-year pe- 
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A. TREE REPRODUCTION 
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of small reproduction more than compen- 
sated for this loss, while in the untreated 
strips, the small reproduction grew very lit- 
tle. There was apparently little drouth kill 
of reproduction. 

Palatable browse, which was _ sparse 
throughout, increased in the girdled strips 
and decreased in the untreated ones (Fig. 
2B). Most of the increase was blueberries 
(Vaccinium spp.). Other browse species 
included short-leaf pine, sassafras (Sassa- 
fras albidum), and New Jersey tea (Cean- 
othus americanus ). 

In the girdled strips, the abundance of 
forbs remained constant through the grow- 
ing season of 1952, with release presumably 
offsetting effects of drouth. Three more dry 
years were too much, and forbs had de- 
clined sharply by October 1955 (Fig. 3A). 
However, the decline was greater in the un- 
treated strips; thus the average number of 
species of forbs per plot was seven per cent 
higher in girdled than in untreated strips in 
1950, but 35 per cent higher in 1955. The 
most abundant forbs included pussy’s toes 
(Antennaria plantaginifolia), goldenrods 
(Solidago spp.), asters (Aster spp.), vine 
lespedezas (Lespedeza procumbens and L. 
repens), and tick clovers. (Desmodium 
spp.). Several of these species are season- 
ally important deer foods in Missouri (Dun- 
keson, 1955). 

Initial abundance of grasses and sedges 
was lower than that of forbs, but grasses 
were seemingly less affected by drouth 
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B. PALATABLE BROWSE 


Fic. 2. Average number of species of tree reproduction and palatable browse per plot on girdled and 
untreated strips 
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(Fig. 3B). During the study period, grasses 
increased in abundance in the girdled strips, 
but decreased in the untreated ones. In 
1950, the average number of species per plot 
was only nine per cent greater in the girdled 
strips, but by 1955, the figure was 72 per 
cent. The increase in the girdled strips was 
almost entirely poverty oat-grass (Dan- 
thonia spicata) and little bluestem (And- 
ropogon scoparius). Sedges (Carex spp.) 
were an important component of this type of 
vegetation, but changed little in frequency 
throughout the study. 


DISCUSSION 


The responses of forage plants to over- 
story release in this study (as determined by 
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TaBLe 1.— RELATIVE ABUNDANCE OF Forace ty 
GrmmpLeEp vs. UNTREATED PLOTs IN Two Ozarx 
Forest Types 








Class Post Oak—Blackjack Whi : 
of with Dense Repro- Site Oak wit 





Forage duction (This Study) duction (Mart. 
et al. 1955) 
Per cent Per cent 
Browse +30 4.39 
Grasses and sedges +72 +89 
Forbs +35 44 





comparing frequencies in treated and yp. 
treated plots) were similar to results ob. 
tained in an earlier study of a white oak 

(Table 1). However, as a result of the com. 
bined effects of drouth and differences jp 
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Fic. 3. Average number of species of forbs and grasses per plot on girdled and untreated strips 





Fic. 4. 


(right, top) Successful forage release five years after girdling. Girdled hub tree is in center 


background. 


Fic. 5. 


(right, bottom) Tree reproduction was released by girdling this hub tree, but little forage 


was produced. 
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forest stands, the release in the post oak— 
blackjack type in this study was not as suc- 
cessful as that in the white oak type. At the 
end of this study, frequencies of forage were 
only one-half to two-thirds as great as those 
of the earlier study. Further, it was readily 
apparent that the volume of forage pro- 
duced in the white oak type was much 
greater, even though volumes were not act- 
ually measured. 

Nevertheless, our frequency data show 
that measurable, beneficial effects on many 
species of forage used by deer can result 
from timber stand improvement in Missouri, 
even in post oak—blackjack oak types with 
dense advanced tree reproduction. This is a 
desirable by-product of a standard silvicul- 
tural practice; where a 10-year cutting cycle 
is practiced, repeated replenishment of for- 
age can be expected. 

Where forage release for game might be 
a primary objective, as on some state-owned 
lands, the game manager may find more ef- 
fective methods. For example, a method 
that suppresses rather than encourages tree 
reproduction is needed, and several herbi- 
cides are promising in this connection. 

In this study, the sample areas radiating 
from only four girdled trees contributed 
nearly 75 per cent of the total forage tallied 
under all nine girdled trees (Figs. 4 and 5). 
This fact suggests that for forage release, 
some attention might well be given to selec- 
tion of cull trees with some forage and little 
or no reproduction already present under 
them. 


SUMMARY 


Effects of release of browse, grasses, and 
forbs in a post oak—blackjack oak type hav- 
ing dense tree reproduction were studied 


quantitatively. Release was accomp]; 

by girdling cull trees on a study ar my 
Missouri national forests, according to y ‘ 
ular Forest Service procedure. 6 

Although a severe drouth affected resylts 
tree reproduction and all classes of forage 
were much more abundant on released than 
on unreleased areas after five years. At the 
end of the study period, frequency of 
browse was 30 per cent greater in released 
than in unreleased strips; comparable fig. 
ures for other classes of forage were: grassex 
and sedges, 72 per cent; and forbs, 35 per 
cent. 

Even in this post oak—blackjack oak stand 
with dense tree reproduction, standard gil. 
vicultural procedure favored production of 
forage. However, where forage release js a 
primary objective, cull trees with desirable 
forage plants and little tree reproduction 
under them might profitably be selected for 
girdling. If tree reproduction is abundant 
selective application of herbicides may be 
desirable. 
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REPRODUCTION OF CARP, LARGEMOUTH BASS, BLUEGILLS, AND 
BLACK CRAPPIES IN SMALL REARING PONDS’ 


Donald Mraz and Edwin L. Cooper* 


Wisconsin Conservation Department, Madison, Wisconsin 


The carp (Cyprinus carpio) was success- 
fully introduced into lakes and streams of 
Wisconsin and other midwestern states 
about the year 1883. The popularity of this 
introduction, however, was short-lived, and 
control measures were quickly sought to 
prevent the carp from dominating the fish 
populations in many lakes and streams. 
Since that time, the detrimental effects of 
large carp populations on aquatic vegetation 
have been well documented (Cahn, 1929; 
Black, 1946; Moyle, 1949; Rose and Moen, 
1953; Cahoon, 1953; and Threinen and 
Helm, 1954), but competition between carp 
and other fishes is not so clearly understood. 

Pairs of adult carp, when placed in small 
ponds without other species of fish present, 
produced abundant crops of young in each 
of the 13 trials conducted over a three-year 
period (Mraz and Cooper, 1957). The 
studies reported on here were designed to 
determine the success of natural reproduc- 
tion and early survival of carp, largemouth 
bass (Micropterus salmoides), bluegills 
(Lepomis macrochirus ), and black crappies 
(Pomoxis nigro-maculatus ) in small ponds 
with mixed populations of adult fish at 
known densities. Four ponds at Delafield, 
Wisconsin, formerly used to rear large- 
mouth bass and bluegills, were made avail- 
able for these experiments. These ponds 
are referred to as numbers III, IV, V, and 
VI. Ponds I and II were unsuitable for use 
during this period. 

Largemouth bass and bluegills were se- 
lected as game fish to be studied because of 
their popularity and widespread distribu- 
tion in areas where carp occur abundantly. 
Black crappies were also selected for study 
because they have remained abundant in 
many lakes where carp also have been 
abundant despite continued removal by 


‘A contribution from Federal Aid in Fish Restora- 
tion Project F-3-R, Wisconsin. 

*The latter is now with the Department of 
Zoology and Entomology, Pennsylvania State Uni- 
versity, University Park, Pennsylvania. 
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state fishing crews. In three smaller lakes 
where fish populations were destroyed by 
rotenone, carp, black crappies, and bluegills 
were the dominant fishes found. Despite 
the lesser popularity of the crappies in this 
area, it was considered desirable to include 
them in these experiments. 


STOCKING THE PoNnDs 


The adult fishes were obtained from 
natural populations in lakes in southern 
Wisconsin. The carp came from rough fish 
operations. The game fishes were captured 
in fyke nets set specifically for these tests. 
Four combinations of largemouth bass, blue- 
gills, black crappies, and carp were tested in 
each of the two years (Table 1). 

The initial stocking rate of adult fishes 
used in 1953 (Table 1) was suggested by 
the species composition and population 
density found in several small lakes in 
southern Wisconsin treated with rotenone 
(Threinen and Helm, 1952; Mraz and 
Threinen, 1953 and 1954). Because a high 
mortality of adult game fish resulted with 
this stocking rate, the rate was reduced by 
one-half during 1954. As will be shown later, 
a high mortality among the introduced game 
fishes was again experienced in 1954. 

To cut down mortality due to handling, 
a prophylactic treatment of malachite green 
was used prior to planting in the ponds. 
Urethane was also used to anesthetize the 
fish prior to measuring and weighing them. 
The carp and largemouth bass were selected 
to assure maturity, similar sizes, and bal- 
anced sex ratios in the individual ponds 
because of the small numbers of fish in- 
volved. The large numbers of adult blue- 
gills and black crappies stocked made such 
selection unnecessary (Table 1). 

The stocking quotas listed in Table 1 are 
close approximations of the actual densities 
of brood fish that were present at the time 
spawning began. The impossibility of se- 
lecting fish of the proper size to conform 
exactly to the stocking quotas resulted in 
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TaBLe 1.—Srocxinc Rate, SurvivAL AND GrowTH OF ADULT FisHEs IN Ponps FoR 1953 AND 1954 
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1953 
III Largemouth bass 40 46 14.4 1.6 67.4 14.7 16 
Bluegills 160 = 1,028 7.0 0.28 47.1 7.5 0.30 
(1.81) Carp 200 81 20.3 45 97.5 214 59 
es 
IV Largemouth bass 40 22 15.4 1.9 81.8 15.4 1.9 
Bluegills 60 221 7.1 0.29 45.1 8.2 0.43 
(1.07) Black crappies 100 134 10.8 0.80 82.8 10.9 0.68 
V Largemouth bass 40 14 15.3 2.1 57.1 15.9 2.3 
(0.78) Black crappies 160 191 10.1 0.65 10.5 9.8 0.53 
VI Largemouth bass 40' 234 14.7 1.9 46.6 14.8 17 
Bluegills 60 1,592 7.4 0.33 34.9 8.0 0.25 
(8.80) Black crappies 100 1,527 10.1 0.60 59.2 10.2 0.57 
Carp 200 410 20.4 4.3 97.1 22.0 5.6 
1954 
Ill Largemouth bass 20 24 13.7 1.5 20.8 14.4 1.9 
Bluegills 80 448 7.5 0.32 36.6 7.8 0.32 
(1.81) Carp 200 63 22.1 5.8 95.2 22.2 5.3 
IV Largemouth bass 20 14 14.2 1.6 64.3 14.5 17 
Bluegills 30 76 8.2 0.44 35.5 8.6 0.52 
(1.07) Black crappies 50 109 9.6 0.49 42.2 10.2 0.62 
V Largemouth bass 20 12 13.4 1.3 91.7 13.7 14 
(0.78) Black crappies 80? 128 10.1 0.58 27.3 10.2 0.58 
VI Largemouth bass 20 111 14.2 1.6 40.5 14.5 16 
Bluegills 30 707 7.8 0.42 17.7 8.5 0.49 
(8.80 ) Black crappies 50 809 10.0 0.55 19.8 10.4 0.63 
Carp 200 348 21.2 5.1 94.3 21.1 4.5 








1 Actually stocked at 50.5 lbs. per acre to compensate for mortality immediately evident after stocking. 
* Actually stocked at 95.2 lbs. per acre to compensate for mortality immediately evident after stocking. 


minor discrepancies. However, rather large 
errors in the rate of stocking occurred when 
heavy mortality affected a species soon after 
the pond was initially stocked, such as for 
the black crappies in Pond V in 1954. In 
two cases like this, additional fish were 
added to the pond. 

In both years the ponds were stocked in 
April and early May. This was well in ad- 
vance of the date when spawning activity 


began either in the experimental ponds or 
in lakes in the immediate vicinity. 


DESCRIPTION OF THE PONDS 


The ponds used in these experiments were 
0.78, 1.07, 1.81, and 8.80 acres in size. The 
maximum depth ranged from 3 to 6 feet. 
A gravel filter located at the head of the 
water supply pipe in Nagawicka Lake ade- 
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uately prevented the invasion of the ponds 
by fish present in the lake. 

“Because of the shallowness of the ponds, 
water temperatures followed air tempera- 
tures quite closely. In both years, a water 
temperature of 60° F. was reached during 
the week of May 15, with a diurnal variation 
during this period of as much as 15° F. In 

uly and August water temperatures in the 
90's were common, with a peak of 87° F. 
being recorded. 

Decomposed plant materials formed the 
bulk of bottom materials in the ponds. The 
only sand and gravel present was that used 
on the pond dikes or around inlet and out- 
let structures. The ponds were originally 
constructed about 50 years ago, and the ac- 
cumulation of bottom deposits was partially 
removed about 15 years ago. 

All of the ponds had abundant growths of 
aquatic vegetation, with very little of the 
pond bottom exposed. The most abundant 
plants were several species of pondweeds 
(Potamogeton ), coontail (Ceratophyllum), 
waterweed (Elodea), cattail (Typha), water- 
milfoil (Myriophyllum), water buttercup 
(Ranunculus ), bulrush (Scirpus), and musk 
grass (Chara). 

Sporadic control of aquatic vegetation by 
mechanical and chemical means was effec- 
tive in reducing waterweed, prickly-leaf 
pondweed, and cattails in Pond VI, although 
other plants remained abundant. However, 
no control was attempted in the other three 
ponds dominated by musk grass. Blooms of 
filamentous algae occurred only occasionally 
and never became dominant. The blue-green 
algae never became abundant enough to 
cause a noticeable turbidity, and the ponds 
remained very clear except for Pond VI in 
which the bottom mud was kept in suspen- 
sion through the activity of the carp. 


TURBIDITY 


Perhaps the most noticeable change in the 
aquatic environment accompaaying a large 
carp population is the increased turbidity of 
the water. This is especially true when the 
lake-bottom soil is easily kept in suspension 
by the physical activity of the carp. Al- 
though the effects of turbidity on different 
fishes, in our opinion, have been inade- 
quately described, turbidities in excess of 
100 p.p.m. have been shown to be detri- 
mental to the population of certain warm- 


water species, among which was the large- 
mouth bass (Schneberger and Jewell, 1928). 
Indirect effects of increased turbidity on the 
production of fish foods may depress fish 
production as much as direct effects on 
inhibiting successful reproduction (Buck, 
1956). 

Adult carp were planted in Ponds III and 
VI at the rate of 200 pounds per surface 
acre (Table 1). In Pond III where the 
bottom was composed predominantly of 
fibrous plant materials, the water remained 
clear throughout both summer periods. In 
Pond VI, the bottom was a mixture of loam 
and plant fibers. In both years, Pond VI 
rapidly became turbid and remained so un- 
til the pond was drained in the fall. Tur- 
bidity measurements were made with a 
Secchi disc, with a few parallel readings 
made with a Jackson turbidimeter. A maxi- 
mum turbidity reading at the surface of 
Pond VI of 16 inches with the Secchi disc 
corresponded to a reading of 44 p.p.m. on 
the Jackson turbidimeter. At this station, 
the turbidity increased with depth to a read- 
ing of 52 p.p.m. at 4 feet. The average tur- 
bidity in Pond VI throughout the two sea- 
sons measured 25 to 30 inches by the Secchi 
disc and thus was far below the value 
credited by Schneberger and Jewell (1928) 
and Buck (1956) as being directly detri- 
mental to fish production. 


SURVIVAL AND GROWTH OF ADULT FISH 


Adult fish were stocked in the ponds dur- 
ing April or May and the ponds were drained 
during September. For this five-month 
period, the survival of carp far exceeded the 
survival of the other fishes (Table 1). The 
average percentage survival rates for the 
four species for both years combined were 
as follows: carp, 95.9; largemouth bass, 49.5; 
bluegills, 35.8; and black crappies, 44.0. 
Despite our care during the netting and 
transportation procedures, some of the loss 
of the game fish appeared to be caused by 
the events associated with stocking the 
ponds: a noticeable mortality was observed 
only during the first 10 days after stocking. 

The mortality rates of the adult game 
fishes did not appear to be closely associated 
with either the density of game fishes 
stocked in the pond or the competition with 
carp. Game fishes were stocked in 1953 at 
a combined rate of 200 pounds per acre in 
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each pond, with or without an additional 
200 pounds of carp per acre (Table 1). 
When high mortalities of game fishes oc- 
curred at this stocking rate, overcrowding 
was suspected. However, a reduction of the 
stocking rate of game fishes in 1954 to 100 
pounds per acre was accompanied by a 
greater mortality than was experienced in 
1953. Game-fish mortality in ponds without 
carp was not noticeably lower than in ponds 
with the added carp competition, with the 
possible exception of the largemouth bass 
(Table 1). 

The growth of the adult fish stocked in 
the ponds was negligible in all cases except 
for the carp. In Ponds II and VI in 1953 
only, carp gained about an inch in length 
and about one pound in weight during the 
five-month summer period. In view of (a) 
the rather large average size of the adult 
fishes stocked, (b) the moderate to heavy 
stocking rates employed, and (c) the ex- 
cessive abundance of aquatic vegetation, 
the slight growth of the adult fishes was not 
unexpected. 


SPAWNING OBSERVATIONS 


Largemouth bass began spawning in the 
ponds when water temperatures reached 
60° F. In both years this occurred about 
May 15. Eggs were observed in the nests 
within a few days, and the fry hatched dur- 
ing the first week in June. 

The male bass as a rule selected a sand 
or gravel bottom upon which to build a 
nest. However, in Pond VI with carp pres- 
ent, three bass nests originally constructed 
along a gravel shore were deserted before 
eggs were laid, and the bass renested within 
a very heavy bed of coontail and water 
buttercup. Based on observations of the 
apparent compatibility of the carp and bass 
during the spawning period, it is believed 
that the bass deserted the original nests be- 
cause of the difference in turbidity, even 
though the maximum turbidity on the gravel 
bottom did not exceed 10 p.p.m. Inside the 
dense vegetation, the nests constructed on 
a bottom of mud and plant fibers produced 
successful hatches of bass fry. 

Bluegills began nesting during the last 
week in May when water temperatures were 
in the low 70’s. The males selected nest sites 
close to shore, using the sand and gravel 
bottom except for Pond VI where they chose 
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the protected bed of vegetation in which ¢ 
spawn. Some bluegill nests were sti]] being 
guarded as late as July 21, several weeks 
after all largemouth bass nesting had ceased 

Spawning of carp was observed in the 
ponds on several occasions. Most of this 
activity occurred during the last week jp 
May and the first week in June when water 
temperatures ranged from 65° to 75° F 
Groups of males would congregate about 
one female, and the adhesive eggs were 
broadcast over submerged vegetation. 

Some interesting observations of the eg 
deposition of carp in bare concrete holdin 
tanks within the hatchery building were 
also made. Several large ripe females ex. 
ceeding 20 pounds in weight were being 
temporarily held in the building for public 
display. Within a few days after being 
seined from the Nemahbin Lakes on May 
26, 1954, it was noticed that they were 
spawning in the tank, despite the fact that 
there were no males present. It appeared as 
if they were depositing the eggs by bumping 
against the side of the concrete tank while 
swimming alongside. Soon the entire tank 
more than 20 feet long had a layer of eggs 
sticking to the bottom, and an ice scraper 
was necessary to peel off the eggs for dis. 
posal. 


PRODUCTION OF YOUNG 


Due to the difficulties inherent in estimat- 


ing the number of fish present in ponds at | 


any one time, no attempt was made to de- 
termine the total number of young fish pro- 
duced until the ponds were drained in the 
fall. Excessive weed growth in most of the 
ponds and the turbidity of Pond VI pre 
vented the visual observations of young fish 
such as were employed by Bennett (1954) 
in estimating largemouth bass fry. The data 
on production therefore represent the net 
result of natural reproduction, growth, and 
mortality for approximately three months 
after hatching. There is the possibility that 
a successful hatch of a particular species 
may have suffered a large loss through pre 
dation or competition and thus appear i 
the fall as poor production. The following 
data should be reviewed with this reserva- 
tion in mind. 

Production of the young of carp, large- 
mouth bass, and bluegills was extremely 
erratic, with little consistency in individual 
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rom one year to the next (Table 2 
— 1). It should be pointed out, how- 
ever, that each of the species used demon- 
strated a high potential production in these 

onds with the possible exception of the 
black crappies. Production of largemouth 
bass failed completely in two trials but was 
as high as 12,305 fish per acre in one instance 
and more than 8,000 per acre in two other 
trials. Bluegills spawned successfully in all 
ponds, averaging nearly 4,000 fish per acre 
in six trials and ranging from 494 to 13,560 
young fish per acre. Production of black 
crappies in these small ponds was uniformly 
low, never exceeding 503 per acre and 
failing entirely in two trials out of six. 

The reproduction of young carp in these 
experiments was surprisingly low when com- 
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pared with the results obtained in the Lake 
Mills, Wisconsin, ponds (Mraz and Cooper, 
1957). At Lake Mills when carp alone were 
placed in ponds, the minimum production 
of young in any one of 13 trials during a 
similar summer growing period was in ex- 
cess of 98 pounds per acre. In the present 
four trials using centrarchids present with 
carp, the production of young carp was 2.5, 
2.7, 3.2, and 124.0 pounds per acre, respec- 
tively. 

There was little apparent correlation be- 
tween the number of adult fishes stocked 
in the ponds and the strength of the re- 
sulting year class. For example, four ponds 
stocked with mature largemouth bass at the 
rate of 40 pounds per acre produced 0, 1,017, 
5,650, and 8,776 young per acre, respectively. 


TABLE 2.— PRODUCTION OF YOUNG LARGEMOUTH Bass, BLUEGILLS, BLACK CRAPPIES, AND CARP 


















































d Pounds of Young Fish Produced 
i. Adult Fish Average Total 
(and Size Species of Stocked per Number Pounds Length in 
in Acres ) Fish Acre per Acre per Acre Inches 
1953 
Ill Largemouth bass 40 5,650 29.3 2.3 
Bluegills 160 1,093 5.0 2.2 
(1.81) Carp 200 7 2.5 8.9 
IV Largemouth bass 40 8,776 68.6 | 
Bluegills 60 785 1.5 2.7 
(1.07) Black crappies 100 130 1.9 3.1 
V Largemouth bass 40 0 _— ee: 
(0.78) Black crappies 160 0 — — 
VI Largemouth bass 40 1,017 7.9 27 
’ Bluegills 60 499 2.3 2.1 
(8.80) Black crappies 100 503 4.2 2.7 
Carp 200 8 2.7 6.8 
1954 
Ill Largemouth bass 20 0 — — 
Bluegills 80 7,495 11.6 1.4 
(1.81) Carp 200 6,340 124.0 3.3 
IV Largemouth bass 20 8,608 62.4 2.6 
Bluegills 30 494 3.3 2.0 
(1.07) Black crappies 50 122 2.1 3.2 
V Largemouth bass 20 12,305 34.2 1.9 
(0.78) Black crappies 80 0 — — 
VI Largemouth bass 20 0 — —_ 
Bluegills 30 13,560 15.0 1.1 
(8.80) Black crappies 50 307 1.3 1.9 
Carp 200 97 3.2 3.8 
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carp LARGEMOUTH BASS 2 sivecie BLACK CRAPPIE 
Fic. 1. Species composition of young of the year in ponds at Delafield resulting from natural repro- 





duction. Pond III stocked with largemouth bass, bluegills, and carp; total standing crop was 6,750 
fish per acre in 1953, and 13,835 fish per acre in 1954. Pond IV stocked with largemouth bass, blue- 
gills, and black crappies; total standing crop was 9,691 fish per acre in 1953, and 9,224 fish per acre in 
1954. Pond V was stocked with largemouth bass and black crappies; there were no young produced in 
1953, and 12,305 fish per acre in 1954. Pond VI was stocked with largemouth bass, bluegills, black 
crappies, and carp; total standing crop was 2,027 fish per acre in 1953, and 13,964 fish per acre in 1954, 


The same four ponds stocked the following 
year at 20 pounds of brood fish per acre pro- 
duced 0, 0, 8,608, and 12,305 young fish per 
acre, respectively. Equally discrepant com- 
parisons between brood-stock density and 
production of young fish were noted for 
both the bluegills and black crappies. These 
observations are also in agreement with the 
results of carp reproduction at the Lake 
Mills ponds (Mraz and Cooper, 1957), 
where the production of young fish ap- 
peared to have little relationship with the 
number of available brood fish. 


DiIscussION 


An analysis of the production of young in 
the various pond combinations used sug- 
gests that high populations of carp may de- 
press the production of largemouth bass. 
However, this is not true in all cases, for two 


ponds containing carp with bass yielded 
1,017 and 5,650 young bass per acre. Con- 
pared with stocking rates of fingerling bass 
commonly employed in fish-management 
work, this rate of production would appear 
to be entirely adequate to maintain bass 
populations if other conditions were suitable. 
The authorized stocking rate in Wisconsin 
for lakes under 500 acres was five fingerling 
per acre (Schneberger, 1952). These pro- 
duction rates also compare favorably with 
the natural production of largemouth bass 
fry in Ridge Lake (Illinois), which main- 
tained adequate bass populations without 
the need for maintenance stocking ( Bennett, 
1954). The reasons for complete failures 
of bass production are not known at this 
time, but failures occurred in ponds with 
and without carp present. 

Bluegill reproduction was more consistent 
than that of any of the other fishes studied, 
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h high production in numbers did 
inher high bass production. Early 
spawning an rapid development of bass 
fy could have reduced bluegill survival 
through predation in these ponds, although 
Bennett (1954) reported high survival of 
bluegill fry in the face of a dense population 
of small largemouth bass in Ridge Lake 
({llinois ) in 1945 and 1946. It is obvious 
from these experiments and the published 
results of the many authors cited above that 
the factors affecting natural reproduction 
of pond fishes are many, and their relation- 
ships are complex. Pond fish culture, or 
the management of small lakes involving 
several species of game and pan fishes, thus 
will always be difficult and the results un- 
certain. But it is also apparent that natural 
reproduction most often results in a surplus 
of one species or another. Proper manage- 
ment usually will consist of control of this 
natural surplus to enable more fish of the 
more favored species to grow to desirable 
sizes. 
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SUMMARY 


The present study was designed to de- 
termine the success of natural reproduction 
and early survival of carp, largemouth bass, 
bluegills, and black crappies in small ponds 
with mixed populations of mature fish at 
known densities in southern Wisconsin. 

Adult fishes were stocked in ponds in 
April or May, and the ponds were drained 
in September or October. During this pe- 
riod, the percentage survival of adult carp 
far exceeded that of the other species, as 
follows: carp, 95.9; largemouth bass, 49.5; 
bluegills, 35.8; and black crappies, 44.0. 

There was little apparent correlation be- 
tween the number of brood fish stocked in 
the ponds and the strength of the resulting 
year class. There was also little consistency 
in the success of natural reproduction of a 
particular species from one year to the next 
when the same combination of species was 


used to stock the ponds. The range in stand- 
ing crop of the young of each species during 
the three-year period, expressed as the num- 
ber of fish per acre, was very great: carp, 
7 to 6,340; largemouth bass, 0 to 12,305; 
bluegills, 494 to 13,560; and black crappies, 
0 to 503. 
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Many researchers have recognized the 
management values derivable from age- 
structure data for big-game herds. These 
same workers are in general agreement that 
time of dental replacement and subsequent 
rate of tooth wear, despite weaknesses, are 
the most reliable means of aging members 
of the deer family. Severinghaus (1949), 
Hayne and Eberhardt (1952), Stevens 
(1953), Gill (1953), Banfield (1955), and 
others have either pointed out the relation- 
ship of age structure among big-game ani- 
mals to herd survival and mortality rates or 
have shown how age data may be used as a 
census tool. Hayne and Eberhardt ( ibid.) 
have stressed that if hunter-killed deer are 
to reflect the herd’s age structure, at least 
some of the age classes must be equally 
vulnerable to hunters. Studies by Anderson 
(1953) indicated that age classes in a herd 
of Danish roe deer (Capreolus capreolus ) 
were equally vulnerable to being shot when 
hunter selectivity was not a factor. Sever- 
inghaus (1954) concluded that wariness did 
not distort age composition of the kill from 
that of the wild population among white- 
tails (Odocoileus virginianus ) in New York, 
providing the hunting season was of more 
than two days’ duration. 

Age-composition studies of mule deer 
herds have been seriously hampered by lack 
of adequate dentition studies such as Sever- 
inghaus’ (1949) for white-tailed deer. Den- 
tition studies of the Odocoileus hemionus 
group have been few, and for lack of known- 
age specimens, have usually treated only 
tooth replacement (McLean, 1936; More- 
land, 1952; Jones, 1953; Hunter, 1947; 
Cowan, 1936; Leopold, et al., 1951; Robin- 
ette and Jensen, 1950; and others). Aging 
criteria are presented for Rocky Mountain 
mule deer (O. h. hemionus) in Utah and 
Colorado in this paper and, despite obvious 





14 contribution from the Utah cooperative big- 
game, livestock, and range relationship research 
project and the Colorado Department of Game and 
Fish 


deficiencies in the older age classes, repre. 
sent some progress in the study of mule 5 
aging. 

We wish to acknowledge the assistance 
rendered by the several individuals who 
helped ear-tag the deer that later provided 
known-age specimens used in this study and 
by Norman V. Hancock and Vergil Draney 
of the Utah State Fish and Game Depart. 
ment for collecting jaws from fawns and 
yearlings killed on control work during the 
spring and summer months. Our apprecia. 
tion is also extended to LaVar Ware of the 
Utah State Fish and Game Department for 
the photographs used in this paper, to H. £. 
Petersen of the Chemical Laboratory of the 
U.S. Bureau of Mines, Salt Lake City, Utah, 
for fluorine analyses of deer teeth, and to 
biologist Fred Zwickel of the State of Wash- 
ington Department of Game, and graduate 
student Frank B. Golley of Washington 
State College for providing photographs of 
two known-age, old deer. 


MATERIAL 


Most of the known-age deer providing 
jaws used in this dentition study were tag- 
ged as young fawns on the open range 
within a few hours or days following birth, 
However, some were trapped and ear-tag- 
ged during winter as 5- to 10-month-old 
fawns. 

The single deer obtained in the 9-year-4 
month class (Table 1) was tagged and re- 
leased by Everett Doman from the Fillmore 
Deer Pasture in central Utah on August 28, 
1940, and killed by a hunter in October 1947. 
Doman believed the doe to be a 2-year-old 
at the time of tagging because of the ap- 
pearance of her incisors, lack of young, and 
her size which was slightly less than that of 
a fully matured doe. Although there is a 
slight possibility she could have been older, 
presence of all permanent incisiform teeth 
precluded the possibility that she was 
younger. 

Two of the deer (age—4 yrs. 9 mos. and 
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1 week 
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AcE AT TIME OF CAPTURE AND DEATH 


TaBLE 1. — 
or KNOWN-AGE Mute DEER UseEp In Tuts Stupy 








Number of Specimens 


Age When Tagged 
5-10 Mos. Older Total 





Age at 


Death 1-20 Days 





4 days 

l week 

2 weeks 

4 mos. 

6.5 mos. 

] yr. 4 mos. 
] yr. 7 mos. 
] yr. 10 mos. 
2 yrs. 4 mos. 
9 yrs. 6 mos. 
9 yrs. 8 mos. 
9 yrs. 9 mos. 
3 yrs. 2 mos. 
3 yrs. 4 mos. 
4yrs. 4 mos. 
4yrs. 9 mos. 
4yrs. 10 mos. 
5 yrs. 4 mos. 
§ yrs. 3 mos. 
9 yrs. 4 mos. 
10 yrs. 6 mos. 
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10 yrs. 6 mos.) had been held captive from 
the time they were young fawns until their 
death. The food they obtained differed con- 
siderably from natural forage and appar- 
ently caused atypical wear. As a conse- 
quence, their jaws have not been used, ex- 
cept to point out variations in dental wear 
that might result from different diets (dis- 
cussed in greater detail under “Factors In- 
fluencing Tooth Wear and Eruption”). 
Three other deer (6.5 months; 1 yr. 7 mos.; 
and 3 yrs. 2 mos. old ) were semicaptives, but 
most of their food consisted of native vege- 
tation. 

In Table 2 are listed basic data on tooth 
development and replacement for deer 
listed in Column 2, Table 1 (deer 1-20 days 
of age when tagged). Live specimens were 
not available in this study to provide pe- 
tiodic observations of tooth development 
and replacement. Our specimens provided 
a single observation per animal, since we 
used only the mandibles that had been re- 
moved from the deer soon after death. Most 
of the known-age deer were killed by hunt- 
ers during October, hence our observations 
of tooth development and _ replacement 
throughout the year from known-age ani- 
mals are necessarily incomplete. To fill in 


this gap, we have collected hundreds of 
mandibles from untagged fawns, yearlings, 
and 2-year-olds (since study of known-age 
jaws showed that these classes were readily 
distinguishable at least until 2-year-olds 
were 28 months of age ) during other months 
of the year. Thus if the peak of the fawn- 
ing season and date of death are known, the 
only error in aging of fawns, yearlings, and 
2-year-olds (to an age of 28 months) would 
result from variation in birth dates for in- 
dividual deer, a source of error of less mag- 
nitude probably than individual variations 
in tooth replacement (see section on “De- 
velopment of Permanent Incisiform Teeth”). 

Aging of fetuses from 406 gravid does in 
Utah through use of a growth curve re- 
vealed that 68 per cent of the does were 
probably bred during a 21-day period and 
95 per cent during a 44-day period. These 
records further indicated an over-all spread 
of about three months in the breeding 
season and consequently the fawning 
season. It seems likely, however, that many 
of the early- and late-born fawns would fail 
to survive so that the actual spread in the 
fawning period for deer whose jaws were 
collected would be even more restricted. 
Our field observations of pelage changes 
during late summer and early fall of several 
thousand 2- to 4-month-old fawns tend to 
verify this belief. 

Peak of the fawning season for central 
Utah has been determined with fair accu- 
racy to be mid-June by estimating the birth 
dates of 546 fawns that were caught and 
ear-tagged. The age of the average fawn 
when caught was believed to be 4 to 5 days, 
and few fawns were caught that exceeded 
an estimated 10 days of age; hence, the error 
in establishing the peak of the fawning 
season is probably slight. Thus with evi- 
dence that about 95 per cent of the fawns in 
Utah are born within a period of plus or 
minus 22 days from the fawning peak of 
mid-June, we have assumed for purposes of 
this study that fawns killed in January, for 
example, are about 7 months old and year- 
lings about 19 months, etc. 


DEVELOPMENT OF PERMANENT 
INCISIFORM TEETH 


Incisiform teeth of mule deer fawns at 
birth were not examined; but when checked 
a few hours after, all were found protrud- 
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Age at Tooth Development and Replacement2 
Death Specimen Incisors Canines Premolars Molars3 
Mos. Days Number Sex 1 2 3 1 2 3 4 1 2 3 n 
_ 4 ca F m m m m m m (4) —- —— vee “1 
a rf a F m m m m oO m m —- — ae ak 
— 14 se M m m m m Oo m m —— — sins =a 
4 6 726 F M M M M M M M y A | _— coe a 
4 11 A-10 M M M M M M M M Pe -_— sik vo 
4 15 714 M M M M M M M M 7.4 -~ aia ss 
6 15 Babe’s M M M M M M M M 8.7 _—— — ae 
Fawn 
15 27 2943 F A a Oo M M M M 10.6 10.4 sata "7 
15 28 1599 M A A A A M M M 12.2 12.0 (2) sl 
15 29 2921 F A A a(R) O(R) M M M 9 9.6 (2) zal 
M(L) M(L) 
16 ? 423 M A A A a M M M 10.8 11S (2) oer 
16 1 2971 F A A A Oo M M M 10.4 10.6 (2) a 
16 2 1882 F A a(R) M M M M M 10.8 10.3 ae xe 
M(L) 
16 2 1081 F A A A a M M M 10.0 11.0 (2) id 
16 2 2596 M A a(R) M M M M M 11.6 12.8 (2) = 
M(L) 
16 2 1876 M A A O(R) M M M M 10.4 10.2 -— aint 
a(L) 
16 3 60 M A A a a M M M 10.4 10.0 —_— a 
16 4 2965 M A A A A M M M 11.0 14.1 4.0 ne 
16 5 2563 M A a M M M M M 10.6 11.6 — ons 
16 6 1091 M A a M(R) M(R) M M M 10.6 10.0 —_ = 
O(L) O(L) 
16 7 2999 M A A A A M M M 11.3 11.8 (2 ‘os 
16 7 2567 M A A a(R) M M M M 11.2 11.6 ( sai 
M(L) 
16 7 2581 M A A a a M M M 10.8 11.5 (2) sai 
16 7 1596 M A A A a M M M 11.0 12.0 (2) ani 
16 8 4009 M A A A A M M M 9.6 10.6 —— — 
16 9 2133 M A A O(R) M M M M 9.4 11.4 4.4 -- 
a(L) 
16 9 1884 M A A a(R) O M M M 10.4 11.8 (3)(R) -- 
M(L) (2)(L) 

16 9 2998 F A A a oO M M M 9.8 10.8 — -- 
16 10 2552 M A A a O(R) M M M 10.8 10.9 (2) -- 
M(L) 

16 11 4015 M A a M M M M M 10.7 9.9 as —- 
16 12 4037 M A A A A M M M 10.8 11.9 (2) -- 
16 12 1868 M A A A a M M M 10.4 10.7 (1) -- 
16 12 2978 M A A a M M M M 11.3 13.3 (2) -- 
16 12 1842 M A A A a M M M 10.6 13.2 5.2 ae 
16 13 1505 F A A a a M M M 10.0 10.8 = -- 
16 15 4030 M A A M(R) M M M M 10.3 11.5 (2) _ 

O(L) 
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O(L) M(L) 
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TABLE 2. — CONTINUED 
age at Tooth Development and Replacement? 
Death Specimen Incisors Canines Premolars Molars3 

\fos. Days Number Sex 1 2 3 1 2 3 4 1 3 3 4 
16 16 2942 F A A A A M M M 10.2 10.8 (2) —— 
16 17 793 M A a M M M M M 10.4 10.9 eS ~ 
16 18 774 M A M M M M M M 9.6 11.0 -— -—— 
16 19 2546 M A A A a M M M 10.4 11.8 4.0 -—— 
16 © «20 3072 M A a(R) M M M M M 9.6 9.8 (2) -- 

O(L) 
16 92 4291 M A A A M M M M 10.3 12.8 (2) ~ 
16 3 775 M A A A a M M M 10.8 13.2 6.2 -— 
16 23 4002 M A A A a M M M 11.0 12.8 a a= 
19 ? 409 F A A A A M M M 10.2 12.1 7.8 2.5 
21 20 2559 M A A A A M a(R) M 11.8 13.2 7.6 2.8 
M(L) 

98 ,) 1088 F A A A A M A A 10.5 13.8 11.4 4.9 
98 ° 113 M A A A A A A A 9.8 12.6 12.6 6.7 
98 4 2536 M A A A A A A A 8.2 11.6 12.9 7.9 
28 4 1579 M A A A A A A A 10.9 13.8 8.8 4.7 
93 «4868 ~=—«2510 F A A A A A N A 10.5 12.6 11.6 5.9 
98 8 768 F A A A A A A A 10.3 12.7 10.4 3.9 
28 i) 1520 M A A A A A A A 10.9 12.7 12.8 7.1 
98 9 73 M A A A A A A A 8.7 10.5 9.5 5.0 
98 10 2905 M A A A A A A A 8.5 11.1 9.8 5.2 
98 11 2514 M A A A A A A A 9.7 12.8 11.8 7.9 
28 12 2957 M A A A A A A A 8.2 12.5 8.7 3.7 
28 14 747 M A A A A A A A 8.4 11.6 9.8 3.7 
28 14 756 M A A A A A A A 9.5 12.5 10.0 5.5 
98 15 1592 M A A A A A A A 9.5 12.8 10.0 6.0 
98 7 735 M A A A A A A A 8.4 12.1 10.5 6.1 
28 18 2989 ¥ A A A A A A A 9.6 12.2 10.0 3.7 
98 18 3068 F A A A A A A A 8.5 11.3 11.6 4.2 
30 ? Colo. M A A A A A A A 8.3 10.8 11.4 7.5 
32 ? 2508 F A A A A A A A 9.7 12.3 10.8 4.6 
33 ? Colo. F A A A A A A A 7.2 10.0 10.7 5.4 





1Three specimens included in this table (No. 1088—28 months, Colo. 36 and 32 months) were not ear-tagged until 


5 to 10 months of age. 


2 Designation ‘‘m” is for partially erupted and “M” for fully erupted milk teeth; ‘‘a” and “A” for partially and fully 


erupted permanent teeth respectively. 


“OQ” indicates the condition where the milk tooth has been lost but the permanent tooth has not yet erupted, or 
in the case of young fawns where the milk tooth has not yet erupted. 


“(R)” and “(L)” indicate right and left side of the jaw where the tooth eruption pattern differed. 
3Decimal numbers for the molars are average heights of the lingual crests in mm. above the gum line. For Msg, the value 
is the average height of the anterior and middle cusps while M4 is the measurement for the posterior cusp of Mg. If all 
lingual cusps of a molar had erupted, a measurement was taken. If not, the number of points (both buccal and lingual) 





showing through the gum is listed as a whole number within brackets. 


ing through the gums. The average fawn re- 
tains the temporary incisors until it is about 
a year of age, although the first or middle 
pair of permanent incisors may erupt as 
early as 11 months in captive animals and 
possibly in some wild ones, too. 

In Table 3 are listed records showing the 
period of incisor and canine (“corner in- 
cisors” ) replacement for mule deer in Utah 
(see Riney, 1951, for tooth terminology ). 


Several hundred jaws from 7- to 10- 
month-old fawns have been examined, and 
all possessed temporary incisiform teeth 
(Table 3). The sample of May (11-month- 
old) specimens from the wild is limited— 
only nine—but they too possessed all milk 
incisiform teeth, and only two of nine 12- 
month-old deer (examined in June ) had any 
permanent incisors. However, all July speci- 
mens (13) had started replacement. From 
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TABLE 3. — NUMBER OF 
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DEER EXAMINED BY TOOTH AND AGE CLAssEs TO SHOW REPLACEMENT P 


OF INCISIFORM TEETH IN MULE DEER OF UTAH 














Month Age Number Permanent Incisiform Teeth Total Mean No. 
Examined Mos. 0 1 2 3 4 5 6 rd 8 Deer Incisors 
January-March 7-9 504 —-—-— ii Ori ei rae eel 504 —_— 
April 10 220 ——-— eae ae asa eel 22 —— 
May ll 9 KH ere a ae ase eee 9 — 
June 12 7 —-— ££ —- TSS re el rll 9 0.44 
July 13 a S tt «= oo 13 2.08 
August 14 —_- -— 21 1 5 l1—_- —_— — 28 2.50 
September 15 — — 112 10 77 5 18 1 7 229 3.21 
October 16 1 1 68 49 420 84 266 51 305 1,247 5.45 
January 19 —_—_ —_—_—-=— i 4 2 1l 5 82 104 7.52 
February 20 - -— —-  — Ol 1 2 2 35 40 7.78 
March 21 a - so - = —= 1 4 3 165 173 7.92 
April 22 —— ——- —_—- 1 1 = 39 41 7.88 
May 23 —S eae ae aS ae eee ee 12 12 8.00 
July-Sept. 25-27 = —- = aoe -—_ - -— —— 170 170 8.00 
October 28 ——- sr i a er 1 906 907 — 





1The mean date has been 


this we suppose that most mule deer in Utah 
are about 12 to 13 months of age before in- 


approximated because the exact date of death was not known for a few specimens. 


ATTERN 


Mean 
Date 


2/141 


3/151 
4/151 
5/71 


note that the Antimony data (15-month-old 
deer) have not been used in deriving the 


cisor replacement starts. Fig. 1, derived curve because poor nutrition was suspected 


from data in Table 3, indicates a replace- 
ment rate of one pair of incisiform teeth 


about every two months. The reader will _ tion”). 









of adversely affecting replacement (see 
“Factors Influencing Tooth Wear and Erup. 
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Fic. 1. Graph showing eruption of permanent incisiform teeth in mule deer from Utah. Refer to text 
for discussion of Antimony records, which were not used in deriving curve. Number specimens examined 
shown in parentheses. 
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Fic. 2. Regression of number of permanent incisiform teeth on age for 40 known-age yearling mule deer 
from Utah. 


The regression equation Y =5.134+ 
0.44 X (Fig. 2) represents the replacement 
rate as displayed by 40 ear-tagged yearlings 
killed by hunters where Y is the number of 
permanent incisiform teeth and X the num- 
ber of days in excess of 483 days of age. Ages 
of the deer varied from 484 days (1 yr., 3 
mos., 27 days ) to 510 days (1 yr., 4 mos., 23 
days). The equation indicates a replace- 
ment rate of a pair every 46 days, which dif- 
fers from the approximately two-months’ 
period derived from the more generalized 
curve of Fig. 1. 

Observations of a live experimental deer 
at Logan, Utah, indicate a 2-month interval 
between eruption of the first and second 
pairs of permanent incisors. When the 11- 
month-old fawn was first examined on May 
21, it had one pair of half-erupted perma- 
nent incisors. When re-examined July 20 
(2.3 months later), it had two pairs of al- 
most fully erupted permanent incisors. 

Four additional 11- to 12-month-old cap- 
tive deer were examined at the Yountsville 
Game Farm through courtesy of California 
Fish and Game Department personnel. 
These observations showed that Columbian 
black-tailed deer (O. h. columbianus) and 
Rocky Mountain mule deer may have a sim- 


ilar pattern of incisor eruption and sug- 
gested that the incisors of captive deer in 
good condition may erupt a little sooner 
than in wild animals. One black-tailed deer 
had all milk incisiform teeth, while another 
had one pair of half-erupted incisors. A 
Rocky Mountain mule deer fawn had one 
pair of half-erupted incisors while a hybrid 
between the two subspecies retained all 
milk incisors. Thus of five 11- to 12-month- 
old captive deer that we have examined, 
three had erupted their first pair of perma- 
nent incisors in contrast to only 2 of 18 wild 
deer. It is possible that the captive deer en- 
joyed a superior overwinter diet, thereby 
promoting earlier eruption. Because of this 
possibility, captive animal records have 
been excluded from Table 3. 

We have examined only one yearling dur- 
ing the October hunt (average age of year- 
lings—16 months) that had no permanent 
incisors. This individual had five heavily 
worn milk incisors, while all the permanent 
incisiform teeth appeared impacted, giving 
a lumpy appearance to the anterior portion 
of the mandibles. 

Despite the variations noted above, it ap- 
pears that eruption of permanent incisors 
in Rocky Mountain mule deer generally 
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commences at about 12 to 13 months of age 
and that replacement thereafter is at the ap- 
proximate rate of a pair every 11/2 to 2 
months with eruption (including canines ) 
complete at 18 months. Similarly, Cowan 
(1936) states that permanent incisors first 
erupt in Columbian black-tailed deer at the 
age of about one year with eruption usually 
complete at the age of 18 months. Similar 
findings have been reported by Jones 
(1953) for the Inyo mule deer (O. h. inyoen- 
sis). Also Hunter (1947) reports that the 
first incisors are cut in Rocky Mountain 
mule deer of Colorado when the deer is 
about one year old, while the remaining in- 
cisiform teeth may be cut between the ages 
of 12 and 16 months. Leopold, et al. (1951), 
however, report a more variable incisor 
eruption for California mule deer (O. h. cali- 
fornicus ), with eruption of the first pair of 
permanent incisors occurring between the 
ages of 5 and 18 months. Moreland (1952) 
differs with Cowan in reporting eruption of 
the first pair of permanent incisors in Col- 
umbian black-tails at six months and a “full 
mouth” at 12 months, but a possibility of er- 
ror exists inasmuch as Moreland attempted 
to apply Severinghaus’ (1949) whitetail 
findings to the blacktail. Severinghaus 
(1949 ) reports initial eruption of permanent 
incisors at 5 months in the white-tailed deer 
with a “full mouth” at 11 months. 

Many individual differences exist in in- 
cisor eruption as demonstrated by our 
known-age material. Thus, one yearling 
(No. 774) 505 days of age (1 yr., 4 mos., 18 
days ) at death had but a single pair of per- 
manent incisors, whereas another (No. 
1599) 20 days younger had a “full mouth.” 
The two deer ranged during the entire pe- 
riod within the same township (six miles 
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square ). Allowing 1.5 to 2 months for ery 
tion of each pair of incisiform teeth, op, 
would suspect that the one deer may have 
been 4.5 to 6 months older than the olen 
rather than 20 days younger. Although this 
is our most exaggerated case among known. 
age specimens, there are nevertheless man 
instances where individual deer have had 
fewer permanent front teeth than others of 
the same age or younger (Table 2). 

Records in Table 3 likewise indicate sey. 
eral months’ variation of incisor replace. 
ment. One yearling examined in September 
(probably 15 months of age) had a “fylj 
mouth,” whereas at the other extreme are 
two yearlings examined as late as April 
(probably 21 months of age) that had not 
yet attained all permanent incisiform teeth 
and even one 28-month-old buck that had 
but seven incisiform teeth. The eighth tooth 
of the latter animal was found heavily en. 
cased in bone, and eventual eruption was in 
question. 


PREMOLAR DEVELOPMENT 


We have but three observations of pre- 
molar development in young fawns at or 
shortly after birth. The premolars of a 4 
day-old fawn had all erupted except the 
posterior crown of P, (third premolar) of 
the left mandible, which was still covered by 
membrane. Another fawn about a week old 
had erupted all premolars except P» on both 
sides. The third fawn was about two weeks 
old, and the first premolars (P2) of each 
mandible had likewise not erupted, even 
though their counterparts in the maxillas 
had. This particular animal, however, was 
a “parrot-mouth” having a shortened mandi- 
ble, so impaction and hence delay in tooth 
eruption may have resulted. 


TABLE 4. — PREMOLAR REPLACEMENT IN MULE DEER OF UTAH 








Number of Deer Examined (% in parentheses ) 





Approx. Age of 


Status of Milk Premolars 





Month Deer in Months All Present 


Partly Shed All Shed 





January 19 36 (100) 
February 20 40 (98) 
March 21 196 (94) 
April 34 (83) 
May 17 (63) 
July 
August 
September 
October 


(1) 


pwwnnvw 
CNQWAOK 


(2) 

3 (6) 1 
(17) 
(30) 2 (7) 

(50) 1 (50) 

(25) 6 (75) 

(6) 149 (93) 

(1) 902 (99) 
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Milk premolars are retained until the av- 
erage deer is about two years of age, but 
there is considerable variation. We have 
noted loss of some milk teeth as early as 
February (20-month-olds) (Table 4) and 
retention as late as October (28 months). 
However, most of the replacement_appar- 
ently occurs when the deer are 22 to 26 
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Fic. 3. Premolar replacement pattern in mule deer 

of Utah—from Table 4: (1) percentage of speci- 

mens having all temporary milk premolars; (2) per- 
centage having all permanent premolars. 


months of age with a peak of 24 months 
(Table 4 and Fig. 3). 

Our findings agree well with Jones 
(1953) for Inyo mule deer but disagree with 
Cowan (1936) for Columbian _blacktails 
where eruption of P, was found to occur 
at 18 to 20 months of age, with eruption of 
the others following; with Leopold, e¢ al. 
(1951), whose findings with California 
mule deer concurred with Cowan’s (1936) 
for the Columbian blacktails; and with 


Hunter (1947), who reported premolar 
shedding at 30 to 32 months of age and in 
some instances not until 40 months among 
Rocky Mountain mule deer. 


DEVELOPMENT AND WEAR OF THE MOLARS 


We believe that wear of the molars offers 
the best means of aging mule deer older 
than two years and for this reason are giv- 
ing a more comprehensive discussion of de- 
velopment and wear of molars than for the 
other teeth. 

Photographs (Pl. 1 to 4) of the molari- 
form teeth of mandibles from known-age 
deer are also given, providing a visual means 
of associating tooth development and wear 
with age. 

In Table 5 are shown the approximate 
ages at which each of the molars first erupt. 
Points of M, first appeared in 2.5- to 3.5- 
month-old fawns with eruption apparently 
completed in 12- to 14-month-old deer. 
Points of Mz appeared first in 8-month-old 
specimens, and the tooth appears fully 
erupted at 20 to 23 months. Points of the 
anterior and middle cusps of Ms first emerge 
in 15-month-old animals, and the tooth ap- 
pears fully erupted in 2-year-4-month-old 
deer. However, the line of demarcation is 
not clearly defined because of sampling 
variation. The posterior cusp of Ms; first was 
evident in l-year-7-month-old deer. It is 
possible, however, that this cusp could ap- 
pear one or two months sooner inasmuch as | 
we examined no specimens 1 year and 5 to 7 | 
months old. 

Table 6 shows the average height of the 
lingual crests of each molar above the gum 
line for deer of different ages. Tooth height 
alone may adequately express wear and 
hence approximate age for deer of a fairly 
constant stature. However, members of the 
different subspecies of Odocoileus hemion- 
us vary considerably in stature and tooth 
size so that a more generally acceptable ex- 
pression of tooth wear seems desirable. As 
a consequence we have used the ratio be- 
tween the sum of widths of the seven oc- 
clusal surfaces on the buccal side and the 
sum of the heights above the gum line of the 
corresponding lingual crests. The sum of 
the wearing-surface measurements has been 
divided by the height measurements so that 
the ratio increases with age of the animal. 

(Text continued on page 146) 
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PLATE 1. TEETH oF Rocky MOuNTAIN MULE DEER 


. Surfaces of M; and anterior crown of Mz showing occlusal surface measurements taken of buccal crowns. 
View of lingual side of M: and anterior crown of Mz showing measurements taken of crest heights. 

. Milk incisiform teeth and cheek teeth of 4-month-old fawn. 

D. 6.5-month-old. 

E 


. Incisiform teeth—two pairs of permanent and two pairs of temporary teeth—and cheek teeth of a 
l-year-4-month-old. 


Ow > 
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PLATE 2. TEETH oF Rocky MOUNTAIN MULE DEER 


f a A. 1-year-7-month-old. C. 2-year-4-month-old. 
B. 1-year-10-month-old. D. 3-year-4-month-old. 
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D 
. PLATE 3. TEETH OF Rocky MOUNTAIN MULE DEER A. 10. 
A. 4-year-4-month-old. C. 8-year-3-month-old. : 
B. 5-year-4-month-old. D. 9-year-4-month-old. doles 


D. In 











TootH DEVELOPMENT AND WEAR IN MULE DeER—Robinette et al. 145 


PLATE 4. TEETH OF Rocky MOuNTAIN MULE DEER 


A. 10-year-6-month-old. 

B. Possible 15-year-old. 

C. Possible 16-year-old or older. 

D. Incisiform and cheek teeth of a 2-year-7-month-old deer afflicted with fluorosis. Note pitting of mid- 
dle pair of incisors and broken condition of the second and third pairs; also note eroded condition 
of cheek teeth (except M:) and irregular wear of Ps, Ps, Me, and Ms. 
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TABLE 5, — MoLtar ERupPTION AMONG MULE DEER OF UTAH AND COLORADO 








Points of Molars Showing through Gums 
Approx. Age None Part 


Month of ——— — Number Molar No. Molar No. 
Death Years Mos. Specimens 1 2 31 41 1 2 3 








1 





(Percentage of Specimens Examined ) 
July pers 
August : 50 
September ‘ 50 
October 
January 


February 
March 
April 
May 
June 


July 

August : 27 a 100 

September ‘ 22 100 

October 44 - ‘ 100 12 
January 19 100 89 


February 23 - 44 100 100 
March 9 201 23 100 100 
April 10 39 — - 22 100 100 
May ll 9 — - 33 - 100 100 
July-Oct. { 1-4 24 — - —- 100 100 





1No. 3 pertains to the anterior and middle crowns of Mg of the mandibles and No. 4 refers to the posterior crown of M3. 


Measurements of the occlusal surfaces was accomplished after the method of Pass. 
were taken with calipers to the nearest tenth more, et al. (Peterson, ibid.). A few w- 
of a mm. from the outer edge of the infundi- known-age jaws showing more tooth wear 
bulum radially across the widest part of each _ than the known-age 9-year-old were selected 
crown to the outer edge of the wearing sur- and placed in wear classes. Ratios derived 
face (Pl. 1, A). Accuracy in these measure- from their molar measurements were then 
ments, however, diminishes in the older plotted on the graph (Fig. 4). Each age 
specimens because the infundibula are fre- class from 10 to 16 years was represented, 
quently worn away. Height measurements _ resulting in a smooth ascending curve. The 
of the lingual crests were taken from the highest ratio obtained was 1.51 with an in- 
gum line to the highest point of each crown dicated age of 16 years. Average ratios 
(Pl: 1, B). Unless a noticeable variation in derived from the curve are listed in Table7 
tooth wear existed, measurements were for each age class. Four jaws gave the ap- 
taken only of téeth in the left mandible; pearance of being older than the ones 
otherwise values for both mandibles were judged as 16-year-olds from Fig. 4, and yet 
averaged. the tooth ratios indicated they were from 

Although we independently developed younger deer. The molars of one of these 
the idea of expressing tooth wear as a ratio, jaws (Pl. 4, C) were so badly worn that the 
originality cannot be claimed because Pass- two crowns of M; and Mz had separated, as 
more, et al. (Peterson, 1955—Appendix A) had the anterior and middle crowns of My 
employed a similar type ratio for moose, us- When a tooth is worn down to the cervix, 
ing measurements of the posterior buccal width of the occlusal surface diminishes 
crown of Mo. It is probable that others have seemingly at a faster rate than the tooth 
also used ratios to express tooth wear. height. If this condition actually occurs in 

The ratios have been plotted in Fig.4 and very old animals, the curve should tum 
a curve drawn for known-age deer, 28 downward in Fig. 4 after 16 years. If such 
months of age and older. Extension of the is the case, age of the four deer mentioned 
curve beyond the age of 9 years, 4 months _ previously may have exceeded 16 years. 
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TABLE 6. — MOLAR DEVELOPMENT AMONG MULE DEER OF UTAH AND COLORADO 








No. 
Specimens 


\onth of Age 
Death 


Molars—Hgt. above Gum Line (mm.) 
31 





September 6 
October 10 
January 9 
February 39 
March 42 


April 
May 
June 
July 
August 


23 


—— 


_ 


September 
October 
January 
February 
March 


— i 


April 

May 

July 
August 
September 


wwe 


October 
January 
February 
March 
August 


Onvwnwndhb 


October 
October 
April 
October 
September 
October 


_ 
hROoOk OK > woor-lnh 


oo uk, ® OC 


10.3 
9.6 


9.7 
10.3 
10.2 
10.0 
10.2 


9.6 
8.3 
9.7 
7.2 


9.5 


12.3 
10.0 
11.6 


8.6 
yoy i 
6.6 
7.6 
6.2 
6.0 


10.9 
10.4 
10.8 
10.2 
9.3 
8.2 





1No. 3 pertains to the anterior and middle crowns of Mg whereas No. 4 pertains to the posterior crown of M3. 


2Tagged deer and hence known-age. 


There is limited evidence that individuals 
of the Odocoileus hemionus group attain 
ages of 15 years and older. Cowan (1936) 
records an instance of a black-tailed buck 
reaching the age of at least 16 years. Frank 
Colley, a graduate student at Washington 
State College, furnished the writers with 
photographs of the mandible from a Colum- 
bian black-tailed pet doe that was 18.5 years 
old at death, and biologist Fred Zwickel of 
the State of Washington Department of 
Game also kindly furnished photographs of 
the lower jaw of a mule deer doe known to 
have been a minimum of 14 years, 9 months. 
The animal was mature when trapped, tag- 
ged, and released in the wild, hence it could 
well have been older than the established 
minimum. We not infrequently obtain jaws 
irom hunter-killed mule deer in Utah and 


Colorado that show as much wear of the 
molariform teeth as displayed by the Wash- 
ington specimens. Two such mandibles are 
shown in Plate 4, B and C. Tooth ratios of 
1.25 and 1.31 were respectively derived for 
these two specimens, with indicated ages of 
15 years 4 months and 15 years 7 months. 
Because of crown separation in each of the 
molars, we feel the latter animal (PI. 4, C) 
could be two or three years older than the 
former rather than merely a few months, for 
reasons discussed previously. 

Molar measurements of three jaws from 
known-age deer were not used in deriving 
the ratios of Fig. 4 and Table 7 because of 
atypical wear. Two jaws were from captive 
deer where type of food may have influ- 
enced tooth wear. One of these deer was a 
buck 4 years and 9 months old at death. He 
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e — AGE KNOWN 


x — AGE UNKNOWN 


MOLAR RATIO 








i 4 4 1 








7 


AGE 


Fic. 4. 


10 12 14 16 
JN YEARS 


Graph showing relation of molar tooth ratios (sum of widths of all buccal crests/sum of lingual 


heights) to age for mule deer of Utah and Colorado. 


TABLE 7.— Morar Tootru Ratios FoR DIFFERENT 
AGE CLASSES AS DERIVED FROM Fic. 4 








95 Per Cent 


Age 
Years Months Molar Ratio Confidence Limits1 





0.33 0.11 - 0.45 (16) 
0.40 0.19 - 0.61 (5) 
0.45 0.29 - 0.61 (4) 
0.50 0.23 - 0.77 (2) 
0.54 

0.58 

0.62 

0.67 

0.73 

0.80 

0.88 

0.97 

1.10 

1.25 

1.46 


all ell cell alll ool od 
OUwrnRwONK OCMONADUhR OW 
Cn ee a a a a 





1 Limits listed only for those classes containing two or 
more known-age jaws; number of specimens given within 
brackets. 


had been reared largely on garbage, and 
tooth wear was substantially less than wild 
deer of similar age. The other captive deer 
was a 10.5-year-old buck (Pl. 4, A). Wear 
of its molars was much as might be expected 
(as based on the known 8-year-3-month- 
and 9-year-4-month-old deer) insofar as 
buccal tooth heights and absence of infundi- 
bula in both crowns of M, were concerned. 
Wear differed, however, in the low lingual 
crests and relatively flat occlusal surfaces. 
As a consequence, the tooth ratio of 1.60 ex- 
ceeded any thus far obtained even for indi- 
viduals obviously much older. Type of feed 
—principally rolled oats and alfalfa hay— 
may have influenced wear. The incisors, 
through relative nonuse, were scarcely 
worn. 

The third rejected jaw was from a wild 
5-year-4-month-old buck where molariform 
teeth showed normal wear, except for the 
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first molar of each mandible. Wear had 
been so heavy on these two teeth that no in- 
fundibula remained and in this respect ex- 
ceeded that of the known 8- and 9-year-olds 
and more nearly resembled the 10.5-year- 
old. The unusual wear appeared directly at- 
tributable to malposition of the first molars; 
each was offset 2.5 mm. from the lingual 
margin of the tooth row. Because of heavy 
wear of M, the molar-tooth ratio was raised 
to 0.60, which is what might be expected in 
4 78-year-old (Fig. 4). It is well to recog- 
nize that deviations of this magnitude exist, 
but we feel this jaw should not be used in 
Fig. 4 until a greater number of specimens 
are obtained in the age classes above four 


years. 


SUMMARY OF TOOTH 
ERUPTION AND REPLACEMENT 


A summary of tooth development and re- 
placement records is listed in Table 8. It 
might be mentioned that, at the time of the 
fall hunting season, inexperienced workers 
sometimes mistake the middle pair of tem- 
porary incisors in 4-month-old fawns as 
permanent teeth because the middle pair is 
larger and of a different shape than its con- 
temporaries. Photographs of the incisiform 
teeth of a fawn and yearling (Pl. 1, C and E) 
point out the differences between the mid- 
dle pair of milk and permanent incisors. At 
the time of the October hunting season, most 


TaBLE 8.—SUMMARY OF TOOTH REPLACEMENT 
AND DEVELOPMENT IN MuLz DEER OF UTAH AND 
CoLORADO 








Period of Occurrence 


Tooth Development (Age in Months ) 








and Replacement Average Range 
Incisiform teeth 
Milk incisors through gums At birth 
First pair permanent incisors 
fully erupted 12-13 11-16 
Second pair permanent incisors 14-15 13-18 
Third pair permanent incisors 16-17 15-22 
Canines (‘corner incisors” ) 17-18 15-28 
Premolars 
Milk teeth lost 24 20-28 
Permanents fully erupted 25 21-29 
Molars 
Ist (points first showing) 3 2.5-3.5 
(fully erupted ) 12 8-16 
2nd (points first showing) 10 8-12 
(fully erupted ) 20 15-25 
3rd (points first showing) 16 15-19 
(fully erupted ) 28 25-30(?) 





yearlings are in the process of replacing the 
temporary incisors. However, one yearling 
in four or five may have acquired all perma- 
nent incisiform teeth. These individuals dif- 
fer from fawns or 2-year-olds, however, by 
having heavily worn milk premolars with M, 
and Mbp fully erupted, and M3; may or may 
not have erupted. A fawn has little-worn 
milk premolars, and only M, of the molars 
has erupted. Essentially all 2-year-olds have 
newly erupted premolars that consequently 
show little wear and frequently lighter stain- 
ing than the molars; also Mg is fully erupted 
but the posterior crest shows only slight 
wear. Two of our 17 known-age 28-month- 
old deer, however, showed no wear on the 
posterior cusps of M3. 

No written description of tooth wear for 
the different age classes is being attempted. 
The photographs and molar tooth ratio, we 
believe, give a more satisfactory portrayal. 
It does appear that not only tooth eruption 
but wear as well may be delayed in Rocky 
Mountain mule deer over that reported for 
white-tailed deer (Severinghaus, 1949). 


Factors INFLUENCING TOOTH 
WEAR AND ERUPTION 


Fluorosis 


Unquestionably many factors govern the 
rate of wear in deer teeth. One of these is 
fluorosis involving hundreds of deer in the 
mountains east and northeast of Orem, 
Utah. Source of the fluorine has been fumes 
given off by a near-by steel plant. Fluorine 
may occur not only in industrial wastes but 
also in concentrated amounts in the soil and 
water of certain areas as well. Chemical 
analysis of the premolars of a 2-year-old 
buck with affected teeth from the Orem 
area showed a high level of 1,500 p.p.m. of 
fluorine. 

Fluorine has a marked affinity for cal- 
cium and excessive quantities interfere with 
normal calcification in the bones and teeth. 
Teeth afflicted by fluorosis are characteristi- 
cally pitted and mottled. The enamel is 
sometimes chalky in appearance but is fre- 
quently heavily stained. Because the 
enamel is soft and brittle, wear is rapid and 
irregular. Selective abrasion often results in 
unevenness of crown level in the cheek teeth 
(Pl. 4, D). Typically, the first molar (M;) 
appears normal, as do all temporary teeth. 
Fluorine affects only those teeth that are in 
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the formative stage at the time toxic 
amounts are ingested. Toxic amounts of 
fluorine in domestic livestock are apparently 
not passed from the mother to the develop- 
ing fetus nor to the young after birth 
through the mother’s milk (Agate, et all., 
1949). For this reason the milk teeth and 
first molars of deer are usually unaffected, 
because these teeth are fully erupted or 
formed before the animal has had an oppor- 
tunity to build up a toxic dosage of fluorine 
in the body. 

Aging of deer older than 2.5 years that are 
affected with severe fluorosis is a hazardous 
undertaking. 


Nutrition 


Franklin (1950) has shown through ex- 
perimental feeding of sheep in Australia 
that faulty nutrition—deficiency of calcium 
and a wide calcium-phosphorus ratio—may 
create tooth abnormalities similar to those 
of fluorosis. Other irregularities noted by 
Franklin were delayed tooth eruption, fail- 
ure of teeth to erupt in extreme cases, and 
abnormal angles at which teeth erupted. 

We have encountered some evidence 
among deer that a lowered nutritional plane 
may delay tooth eruption. We have already 
mentioned that eruption of permanent in- 
cisiform teeth of yearlings killed on the Anti- 
mony unit of southern Utah appears to be 
delayed about one month compared to deer 
in other parts of the state (Fig. 1). The 
Antimony range is one of the most severely 
overused ranges (combined livestock and 
deer use) in the state, and this observation 
seems borne out by the low reproductive 
rates and weights of deer from the area. 

Other records indicate that incisor 
eruption may have been delayed following 
the two severe winters of 1948-49 and 1951- 
52 on the Oak Creek unit of central Utah. 
Yearlings killed in October following the 
two severe winters had a mean of 5.24 per- 
manent incisiform teeth showing above the 
gums for 196 animals examined, compared 
to a mean of 5.71 teeth for 570 deer exam- 
ined in 1950, 1951, and 1953-55 following 
moderate winters. The difference in the 
mean number of teeth is not statistically sig- 
nificant at the 5 per cent level; but it sug- 
gests the role nutrition might play in tooth 
eruption, for unquestionably the nutritional 
balance is less favorable during severe win- 
ters. 


Another indicator of the possible ing, 
ence of nutrition upon tooth eruption jg the 
time of year when most eruption ethin 
Our study shows that most of the inciso, 
and premolar replacement and eruption of 
M, and Mb occurs during late spring, sym 
mer, and early fall—the period when food 
conditions are most favorable. The third 
molar appears to be the only exception, fy, 
most of its eruption occurs from late fal] to 
early spring. Scheffer (1950) reports 
seasonal growth in the teeth of fur seg 
(Callorhinus ursinus ), apparently confor. 
ing to periods of high food intake. A coup; 
of the resulting growth rings on the canine; 
gives a fairly accurate estimate of age, 


Other Factors 


Added study has revealed an increase jn 
hog-dressed weights of yearlings killed by 
hunters in central Utah with an increase jp 
the number of erupted permanent incisiform 
teeth (Table 9). 


TABLE 9.— HocG-pREssED WEIGHTS BY INcrsoR 
CLASSES FOR YEARLING DEER KILLED By Hunters 
IN CENTRAL UTAH 





No. Pairs Permanent Incisiform Teeth 








1 2 3 4 Total 
No. deer weighed 
Bucks 79 391 235 210 915 
Does 24 86 70 56 236 
Weights (pounds) 
Bucks 85.2 87.7 89.4 91.5 _~ 
Does 75.9 78.7 79.5 81.3 ~ 





Inasmuch as we have already shown a 
correlation of incisor eruption with age, it 
would appear that a portion of the variation 
in incisor eruption with weight could also be 
due to age. However, with an estimated % 
per cent of the fawns being born withina 
44-day period and with 1.5 to 2 months r- 
quired for eruption of each pair of incis:- 
form teeth, it is apparent from information 
in Table 8 that individual variation must be 
a dominant factor. The dentition pattern in 
this table implies an age spread of 4.5 toé 


months (allowing 1.5 to 2 months per paira F 


incisiform teeth) for a sizable segment of 
this age class (about 9 per cent of bucks 


have one pair and 23 per cent have fou F 
Table 9), whereas the actual spreads f 


pair 
likely no more than three months (created 
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3 

py limits of the fawning and hunting seas- 
ons) except for a few rare individuals. _ 
An example of individual variation in in- 
cisor development apart from age and weight 
may be found in buck No. 2562 (505 days of 
age and weighing 98 pounds, hog-dressed ) 
compared to buck No. 4089 (503 days old 
and 81 pounds). The first buck was not 
only 17 pounds heavier than the second and 
two days older but it had only one pair of 

rmanent incisors compared to a complete 
set of incisiform teeth for the latter. The 
deer were from the same canyon so that food 
conditions were similar for both. 

One might suspect earlier tooth eruption 
among does than bucks because of earlier 

hvsical maturity of the former. This does 
not appear to be the case, however. Our 
data show an average of 5.13 permanent in- 
cisiform teeth for 1,178 October-killed year- 
ling bucks from Utah compared to 4.88 for 
365 does. The difference is not statistically 
significant at the 5 per cent level, however, 
and the relation between the sexes is so var- 
iable for different units and years that there 
is doubt of any real difference. 

Ingested grit or sand influences the rate of 
tooth wear among domestic livestock. The 
amount of abrasives actually consumed 
probably varies with soil type, degree of 
aridity and overgrazing, and amount of ex- 
posed soil. Deer could similarly be influ- 
enced although likely to a lesser degree, be- 
cause deer do not usually feed so closely to 
the ground as livestock. However, the writ- 
ers have frequently found tiny bits of rock 
in the infundibula of deers’ teeth. 


ACCURACY IN AGING DEER 


Many big-game workers have expressed 
doubt as to the value of tooth wear as a 
means of aging deer. Such doubts seem 
well justified from Fig. 4 where there is an 
obvious overlap in molar ratio values of 2- 
year-olds with 3- and even 4-year-olds; and 
we have already pointed out that one 5-year- 
old could be mis-aged as a 7.8-year-old. 

Our material is too limited to indicate the 
overlap to be expected in the older age 
classes, but in all probability the errors pos- 
sible in correct aging are even greater. The 
reader might then question the propriety of 
deer aging where errors of such magnitude 
are possible. We feel that the chart offered 


in Fig. 4 and the photographs of Plates 1 to 
4 do not permit positive aging except with 
rather low probabilities. Their prime use 
lies in determining percentage composition 
by age classes of deer killed by hunters or 
other factors. In age assignments of this 
kind, where a large number of specimens are 
involved, the errors should tend to be com- 
pensating providing, of course, the aging 
criteria are representative. We wish to 
stress, however, that the aging curve pre- 
sented in this paper is subject to change as 
added specimens of known age are ob- 
tained, especially in the older age classes. 
The curve might also vary with subspecies 
of mule deer and with geographic location 
for a single subspecies. 

The primary value of the photographs and 
aging curve presented in this paper is to as- 
sist the user in selecting, tentatively at least, 
a jaw collection representing the various age 
classes. Thus, if jaws are removed from 
hunter-killed deer of unknown age, they can 
best be aged through a visual side-by-side 
comparison with jaws of the collection. 


ADDENDUM 


Since this paper went to press, 14 additional 
mandibles from known-age deer have been pro- 
cured in Utah and, although no new age classes are 
represented, it is believed worth-while to provide 
data on these new specimens. The new mandibles 
include two from 4-month-old fawns, three from 
16-month-olds, seven from 28-month-olds, and one 
each from the 40- and 52-month-old classes. 

Dentition records for the new specimens are listed 
in Table 1A where the same symbols and legend 
are used as in Table 2 of the foregoing paper except 
that the last column of the present table lists molar 
ratios for each specimen 28 months of age or older. 
All molar ratios for new specimens fall within the 
range of values previously established for each age 
class (Fig. 4). The average ratio for the new total 
of twenty-three specimens 28 months old is 0.34 in 
contrast to 0.33 as indicated by Fig. 4. The final 
average ratio for six 40-month-old specimens is 0.39 
compared to the curve value of 0.40, and for five 
52-month-olds the average is 0.46 compared to 0.45 
from the curve. 

Three of the 23 deer that were 28 months old 
showed no wear on the posterior crown of Ms, and 
the average width of the wearing surface on the 
buccal side (measured radially from the infundib- 
ulum to the outer edge of the wearing surface) 
was only 1.64 mm. (0.0-2.9). The same measure- 
ment for the six 40-month-old deer was 2.83 mm. 
(2.4-3.7). 
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TaBLE 1A. — TootH DEVELOPMENT AND REPLACEMENT RECORDS FOR KNOWN-AGE MULE Derr: 4 10 59 
? 


MonTus oF AGE, EAR-TAGGED WHEN 1 To 20 Days or AcE" 

















Age at Tooth Development and Replacement 
Death = m7 
Specimen Incisors Canines Premolars Molars Molar 
Mos. Days Number Sex 1 2 3 1 2 3 4 1 2 3 4 Ratio 

4 1l A-185 M M M M M M M M 72 — Say _ 

4 18 A-186 F M M M M M M M 9.8 — jes a ee 
16 10 A-203 M A A A A M M M 9.6 11.9 4.6 aa a 
16 13 A-27 F A a M M M M M 9.8 9.8 — ma _ 
16 15 A-29 F A A A A(R) M M M 11.2 11.4 (1) oe a 

a(L) 
28 ? A-756 M A A A A A A A 9.4 12.5 12.6 5.2 0.35 
28 3 2144 M A A A A A A A 124 146 114 44 O99 
28 14 4014 M A A A A A A A 104 118 84 30 03) 
28 19 2119 F A A A A A A A 8.4 11.2 9.4 4.2 0.36 
28 19 2120 M A A A A A A A 9.3 12.6 11.7 4.2 0.35 
28 19 4028 M A A A A A A A 8.8 12.0 10.8 4.3 0.38 
28 28 1972 M A A A A A A A 8.8 10.9 9.4 5.3 0.40 
40 12 4019 F A A A A A A A 8.5 11.1 10.7 5.3 0.42 
52 15 4276 F A A A A A A A 7.0 98 10.1 5.3 4g 





* Deer No. A-756 was not ear-tagged until it was a yearling. 


SUMMARY 


A dentition study was made by the writ- 
ers of the Rocky Mountain mule deer of 
Utah and Colorado. Material consisted of 
91 known-age deer varying from 4 days to 
10.5 years of age and supplemented by 
hundreds of jaws collected from deer of un- 
known age throughout the year to establish 
the time and rate of tooth replacement. 

Replacement of incisiform teeth com- 
mences in the average animal at about 12 
months of age or shortly after and is com- 
pleted about 6 months later. The peak of 
premolar replacement occurs when the aver- 
age deer is 24 months of age. The first molar 
erupts in 3-month-old fawns, the second 
molar appears at about 9 months, and the 
third at about 15 months. Wear of the molar 
teeth is expressed in this paper as a ratio 
between the sum of the widths of the oc- 
clusal surfaces of the buccal crowns and the 
sum of the heights of the lingual crests. 

Several factors may affect rate of tooth re- 
placement and wear and hence introduce 
errors in aging. Influence of fluorosis, nutri- 
tion, type of forage, abrasives and individual 
variation upon tooth eruption and wear are 
discussed. 

The writers recognize the errors possible 
in aging individual deer. However, it is felt 
that the prime value of aging comes from de- 
termination of age composition of hunter- 
killed deer. In this respect, errors should be 


compensating providing the samples are of 
adequate size and the aging criteria are rep. 
resentative for the area of study. 
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A SUMMER WHISTLING COCK COUNT OF BOBWHITE QUAIL 
AS AN INDEX TO WINTERING POPULATIONS’ 


Walter Rosene, Jr. 
U.S. Fish and Wildlife Service 


For many years populations of the bob- 
white quail (Colinus virginianus) have 
been censused with the aid of bird dogs in 
late fall and winter months when these birds 
form into coveys. This type of count, al- 
though important in population studies, is 
made too late to be of value to the admin- 
istrator in predicting the success of an on- 
coming hunting season. An early evaluation 
from different physiographic regions might 
serve to shift hunting pressure from less to 
more populated coverts for a more success- 
ful harvest. Therefore, biologists have been 
attempting to develop a technique that can 


IThis study is a contribution from the Patuxent 
Research Refuge, Laurel, Maryland, of the Branch 
of Wildlife Research and a part of the Service pro- 
gram of Wildlife Investigations on Agricultural 
Lands. Assistance in the statistical portion was se- 
cured from E. F. Schultz, Jr., Agricultural Experi- 
ment Station, Alabama Polytechnic Institute, Au- 
burn, Alabama, who helped in computing the analy- 
ses of variance. Development of the regression 
formula and the prediction table was carried out by 
A. L. Finkner, Department of Experimental Sta- 
tistics, North Carolina State College, Raleigh, North 
Carolina, who also aided greatly by critically edit- 
ing the entire section on analysis of data. 


be applied in the summer to predict with a 
fair degree of accuracy what the coming 
fall and winter population will be. Such a 
method, if practical, should aid the admin- 
istrator. 

Evidence from several sources indicates 
that whistling-cock counts in summer are 
useful as a basis for predicting populations 
for the subsequent fall. Bennitt (1951), al- 
though lacking fall and winter population 
data, found a close correlation between a 
summer whistling-cock call index and actual 
hunting success the following fall. From 
his summer data, he predicted what the 
hunting success would be in various “zoo- 
geographic” regions of Missouri. A similar 
method has been used in Indiana (Reeves, 
1951). The present study compares sum- 
mer whistling-cock counts in 1950-53 with 
subsequent fall and winter populations on 
the same areas in Alabama and South Car- 
olina. With modifications, Bennitt’s tech- 
nique for the summer whistling-cock count 
was fitted into the experimental design for 
this study. 

Bennitt (op. cit.) used a roadside count, 
always starting at sunrise. His route con- 
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sisted of “about 30 miles of road,” on which 
“the observer stops at one-mile intervals 
along his route for an hour, counting the 
birds at each stop.” He remains “at each 
stop until he has heard all cocks whistling 
‘bobwhite’ within earshot; this usually takes 
two or three minutes.” 


METHODS 


Preliminary observations before the pres- 
ent study indicated that “bobwhiting” of 
males seemed to reach a peak at certain in- 
tervals, then frequency of calls would de- 
cline. Therefore, in the course of counting, 
sufficient time was spent at each listening 
stop to record calls through one or more of 
these peak periods. Calls from individual 
males were distinguished sufficiently well 
so that they could be plotted with accuracy 
on aerial photos. The average time of stops, 
including both listening and driving time, 
was 11.5 minutes. Driving time between 
stops averaged 3.5 minutes, so that approxi- 
mately 8 minutes was spent listening at each 
stop. At listening stations, the observer 
walked a few paces from the auto so that 
sounds would be less obstructed, taking care 
to avoid making unnecessary noise. 

The count was made each year from June 
20 to July 10, a period when nesting activi- 
ties normally are most intense in the south- 
eastern states. In preparation, routes and 
listening stops, with estimated audible range 
from each, were marked on aerial photo- 
graphs of the areas. Stops were arranged so 
that “bobwhite” calls over all parts of each 


A 
tract could be heard. During the first year 
5,458 acres were used for study; j 

> y; in the last 
three years, 12,273. Four study areas total 
ing 5,571 acres were located near Unig, 
Springs, Alabama, and 6 areas with 6709 
acres in South Carolina near Ridgeland 
Georgetown, and Pineville. Size of study 
areas varied from 507 acres to 1,745, 

Two successive mornings were spent op 
each individual area and “bobwhite” ¢ajj 
were plotted for each morning. After the 
two trips the total number of callers was ¢s. 
timated. A whistling cock heard on eithe; 
one or both mornings from a specific loc. 
tion was counted as one individual. 

On the first morning of the first yearly 
count, 1950 for some areas and 1951 for oth. 
ers, the time of arrival was recorded for each 
listening stop. Each stop was visited 
about the same time and date on subsequent 
years. The count was started each morning 
at about 25 minutes after official sunrise. 
An average of one hour and 25 minutes was 
required to complete each day’s count. 

The amount of light falling in the immedi. 
ate vicinity of each stop at the time of listen. 
ing was recorded in foot lamberts. A Gen. 
eral Electric exposure meter (type DW-58) 
was used, holding it in the hand with the 
opening at zenith. Care was exercised to 
avoid obstructions between meter and sky 
within the angle of incidence. 

Bennitt (op. cit.) checked wind velocity, 
humidity, and type of road as factors caus- 
ing variation in the number of calls. He 
found no correction necessary for these fac- 


TABLE 1.— NuMBERs PER 1,000 AcrEs OF Wuist LING Cocks HEARD IN SUMMER AND Coveys Founp 
IN SUBSEQUENT HuNTING SEASONS 








Coveys per 











1950 1951 1952 1953 Average Whistling 
Cocks Coveys Cocks Coveys Cocks Coveys Cocks Coveys Cocks Coveys Cock 
Alabama 

Study area 1 32.3 37.0 33.1 37.0 38.6 40.9 33.1 44.1 34.3 39.8 1.16 
2 — = 16.2 23.9 22.9 21.6 27.6 19.5 222 21.7 0.98 
3 9.2 28.4 13.7 13.7 21.1 22.9 27.5 30.7 17.9 23.9 1,34 
4 —- — 18.0 18.0 23.8 15.7 25.0 22.6 22.3 18.8 0.84 
Average 20.7 33.7 20.3 23.2 26.6 25.3 28.3 29.2 24.4 26.9 1.10 

South Carolina 
Study area 1 —— oe 25.1 24.0 26.3 18.3 18.3 20.6 23.2 21.0 0.90 
2 = = 18.2 12.2 10.1 14.2 13.2 8.1 13.8 11.5 0.83 
3 — —-— 18.1 10.7 13.2 8.3 13.2 9.1 14.8 9.3 0.63 
4 —-- -—— 32.1 20.8 30.2 34.0 32.1 28.3 31.5 27.7 0.88 
5 20.7 29.6 22.2 348 25.2 20.0 15.5 22.2 20.9 26.7 1,28 
6 16.6 9.2 16.6 15.2 149 13.5 18.3 18.9 16.6 14.2 0.85 
Average 18.7 19.4 22.1 19.6 20.0 18.1 18.4 17.9 20.0 18.6 0.93 
Total average 19.7 26.1 21.3 21.0 22.6 20.9 22.4 22.4 21.8 22.0 1.01 
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TABLE 2. — ANALYsiIs OF DaTa By INDIVIDUAL YEARS AND AREAS 











————— 
mer ; 
isting I — =x Y b Bg F-values 
a 
1950 1950-51 19.7 26.1 0.60 —2.67 to 3.87 0.63 
1951 1951-52 21.3 21.0 0.85 0.00 to 1.70 527° 
1952 1952-53 22.6 20.9 1.02 0.58 to 1.48 37.61°° 
1953 1953-54 22.4 22.4 1.15 0.53 to 1.77 18.32°* 
summary all years 
Alabama areas 24.4 26.9 0.81 0.29 to 1.33 11.38°* 
South Carolina areas 20.0 18.6 0.86 0.40 to 1.33 15.16*° 
Combined areas 21.8 22.0 0.92 0.60 to 1.24 34.09*°* 








i 


Y= mean of coveys per 1,000 acres of individual areas 
= regression coefficient 
limits of b with .95 confidence 


® Significant at .05 level 
°° Significant at .01 level 


tors for records made on normal days and 
terrain. Observations made in the present 
study conformed to the “normal” limitations 
he established for these factors. 

In Missouri, Bennitt found a relationship 
between call index and temperature; he 
therefore corrected actual indices “to bring 
all values to parity with those in the com- 
monest interval, 70°-74.5° F. ..” At the peak 
of nesting activity in the Southeast, weather 
conditions are fairly stable. Temperature at 
sunrise usually is between 70° and 75° F. 
Twelve of 27 records at sunrise were within 
this range; 6 others were above and 9 below. 
Maximum morning temperature recorded 
on these field trips was 79°, and 66° was 
minimum. Due to the close proximity of 
these temperatures to the 70°-74.5° interval 
established by Bennitt, no corrections were 
made. 


Census RESULTS 


During the four years of study, 901 cocks 
were heard whistling, and 910 coveys were 
found in subsequent hunting seasons. This, 
as well as the summary of cocks and coveys 
of all areas in Table 1, suggests a relation- 
ship between the two. In 1950 on Alabama 
study area 3, there was a greater discrep- 
ancy between. whistling cocks and _ fall 
coveys than was found on any other area in 
any year of the study. Each year, Alabama 
study areas had more summer whistling 


mean of whistling cocks per 1,000 acres of individual areas 


= reduction due to regression (mean square) /deviation from regression (mean square) 


cocks and winter coveys per unit of area 
than the South Carolina tracts, but the close 
relationship between numbers of cocks and 
coveys persisted. 

The annual summary by states (Table 1) 
points out that when a larger number of 
whistling cocks was recorded in a given year 
than in the previous one, more coveys were 
also found and, correspondingly, a drop in 
number of calling cocks was followed by a 
reduced number of fall coveys. These an- 
nual up-and-down population changes in 
cocks and coveys appeared when data for 
both states were combined. A downward 
year-to-year trend was found on Alabama 
areas at the same time that an upward trend 
appeared in South Carolina. The combina- 
tion of data indicates that annual fluctua- 
tions which were found between the cock- 
covey relationship were more or less local- 
ized by area. They tended to compensate 
one another when summarized on a regional 
basis. 

Certain areas were more productive than 
others, i.e., they had more whistling cocks 
and also more coveys. The same local vari- 
ation was true in both states. However, Ala- 
bama areas seemed to be generally more 
productive than those in South Carolina. 


ANALYSIS OF DATA 


Summaries of the regression analyses are 
presented in Table 2. F values testing the 
significance of cock-covey relationships (re- 
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gression of numbers of coveys on number of 
whistling cocks) are given by years, by lo- 
cation, and combined. The relationship was 
positive each year and removed a significant 
portion of the variability in coveys per 1,000 
acres at the 5 per cent level for each year ex- 
cept the first. The lack of significance in 
1950 reflects the amount of variation in the 
data when only four areas totaling 5,458 
acres were used. In that year, only 24.2 per 
cent of the error could be accounted for by 
the regression of coveys per 1,000 acres on 
number of whistling cocks per 1,000 acres. 
Possible causes could have been that (1) the 
total of these areas was too small with vari- 
ations between units too great, or (2) errors 
may have occurred because of inexperience 
of the listener at the start of the study. 

An analysis of variance to test possible dif- 
ferences between yearly regression coeffi- 
cients (b in Table 2) gave a value less than 
1. Therefore, there is no significant differ- 
ence between the coefficients. Since there 
is no evidence of more than a single popula- 
tion, the results of all years and locations are 
pooled to find the average regression coef- 
ficient, b = 0.92 and its 95 per cent confi- 
dence limits +0.32. In this analysis, 51 per 
cent of the variation in number of coveys is 
explained by knowledge of number of whist- 
ling cocks during the previous summer. 

Estimates' for the last three years were 





1The predictions desired here do not fit standard 
regression theory and are made as follows: 


y = Ym + b (Xi — Xm) 
where 


Xz = mean number of whistling cocks per 1,000 
acres counted in year ¢, 
Xm = mean number of whistling cocks per 1,000 
acres over (t-1) years, 
Ym = mean number of coveys found per 1,000 acres 
over (t-1) years, and 
= regression coefficient for Y on X over (t-1) 
years. 


The variance of the predicted mean value is 


_  . [1 &e— Xn)? ] , b's’ 
8h = Sys E + | a 


s*,,2 = the squared standard error of estimate over 
(t-1) years, 

n = the number of observations over (¢-1) years, 

xx? = sum of squares of X over (f-1) years, 

s*, = variance for whistling cocks in year ¢ on an 
individual observation basis, and 

k = number of observations in year ¢. 


made, utilizing the relationship betw 
and Y for the preceding years and rar 


ure of X in 


e current 


year. These pre. 


dicted values and their corresponding stand. 
ard errors are shown in Table 3 along wit, 
the mean number of coveys found per 1,0) 


acres for that season. 











TABLE 3 
= 2 
1951-52 21.0 27.1 +68 
1952-53 20.9 23.7 +30 
1953-54 92.4 23:5 +25 








The predicted mean value is converging 
on the actual mean value as more informa. 
tion over years is available. As would be ex. 
pected, the precision also increases as more 
years are included. 

If a prediction is to be made for a specific 
area (ie. an estimate of the number of 
whistling cocks has been made for one ob. 
servational unit, and one wishes to predict 
the number of coveys in that area using the 
relationship established over the four sea. 
sons), the variance of Y (any predicted Y) is 
the sum of two independent variances: the 
variance of the mean (y) and the variance of 
the regression coefficient (b). The standard 
error of a point on the regression line is 


+1/1.3806 +- .025x* where x = devia. 


tion from the mean. 





Values of X were selected at the extremities 
of the regression line and near the mean 
(x, y) for determining the shape of the curves 
CD and EF shown in Fig. 1. 

As indicated in Fig. 1, any error in the 
slope of y becomes more pronounced as one 
considers points more distant from the center 
of the distribution, so any attempt to predict 
coveys from whistling cocks becomes more 


hazardous toward either extremity of Y, from 


xX y. 


Discussion 


Various viewpoints have been advanced 
as to what a whistling cock represents. 
Many ornithologists contend that he is the 
mate of a brooding female. Bennitt (op. 
cit.) says that a few mated cocks call “bob- 
white.” After much field work, Stoddard 
(1932) is positive that “...the “‘bobwhite 
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Fic. 1. The relationship between the number of whistling cock quail heard in summer and quail coveys 
found in subsequent hunting seasons. 


call is largely a call for a mate, and that the 
whistling so commonly heard during the 
summer months may be largely attributed 
to unmated cocks.” In application, he states 
that “the number of persistently whistling 
cock quail in early summer furnishes a key 
to the breeding population where the sex 
ratio is known, since such calling is largely 
from unmated, or surplus cocks.” Bennitt 
was satisfied with “the truth of Stoddard’s 
statement: that the number of whistlers just 
about fits the known surplus of cocks.” Stod- 
dard concluded that “the method is of no 


value except in the early part of the nesting 
season when ‘bobwhite’ whistling is general. 
At this time it will give an approximation of 
the breeding population.” 

Recent techniques (Petrides and Nestler, 
1943) for age determination show that half 
of the young quail usually have hatched by 
July 10, with the peak of the nesting activity 
usually between June 20 and July 10. The 
majority of “bobwhite” calling activity also 
occurs at this time. Therefore, most mating 
would have to occur several weeks prior to 


the peak of hatching and before “bobwhite” 
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calling reaches its peak. As conclusions of 
several studies vary, more research is in or- 
der to determine the relationship of a whist- 
ling cock to the composite summer quail 
population. 

Areas used in this study had both high and 
low populations. The fact that certain areas 
always had a relatively large number of 
whistling cocks and a correspondingly high 
winter population indicates the value of a 
management program that includes prac- 
tices effective in each season. Such was true 
for area 1 in Alabama. 

Area 3 in South Carolina had poor quail 
habitat in both summer and winter. As a 
result, a low number of whistling cocks was 
found despite the fact that adequate brood 
stock had remained at the end of the hunt- 
ing season. Undesirable nesting conditions 
resulted in the smallest number of coveys 
per 1,000 acres of any area under study. 
Coveys per whistling cock were also low- 
est. 

Area 3 in Alabama had a high percentage 
of the area in woodland. This is not con- 
ducive to nesting. However, coveys per 
whistling cock were higher than on any other 
tract due to a burning and timber-manage- 
ment program that produced the greatest 
number of coveys from the breeding popu- 
lation. 

Areas with an average quail-producing 
potential (Alabama 2 and 4 and South Car- 
olina 1) had average numbers of whistling 
cocks. The breeding population may pro- 
duce higher or lower corresponding num- 
bers of coveys depending on (1) the effect- 
iveness of the management practices that 
encourage quail to bring off successful 
broods and (2) the quality and abundance 
of food and cover necessary to retain young 
and adults in the vicinity of the nest 
throughout the fall and winter. Weather 
may also be a factor. 

Minimum-size area was set at 500 acres. 
The maximum acreage that one investigator 
can cover in the early morning while calling 
activity is most intense is approximately 


1,700. Data from this study demonstrates 
that by using many areas within these limi 
with a total of at least 12,000 acres al] within 
a similar environment, a trend in the subse. 
quent winter population could be predicted 
A larger acreage would give more accuracy 

SUMMARY AND CONCLUSIONS . 

A summer whistling-cock count of bob. 
white quail was made and compared with 
covey numbers in subsequent hunting ge. 
sons in 1950-53 on 4 areas in Alabama anj 
6 in South Carolina. Findings ‘involved , 
total of 901 whistling cocks and 910 Coveys 
Study area acreage in Alabama was 537] 
and 6,679 in South Carolina. 

There was a relationship between the 
numbers of whistling cocks heard in sym. 
mer and coveys found in subsequent hunt. 
ing seasons when the data were summarized 
annually and by states. 

An increase or decrease in the number of 
whistling cocks heard in summer over the 
previous year was followed by an increase or 
decrease respectively in coveys in the subse. 
quent hunting season when the results were 
summarized by states. 

Using this technique, it is possible to pre. 
dict by physiographic types the number of 
coveys that will be found in winter from the 
number of whistling cocks heard the pre. 
vious summer, if areas 500-1,700 acres in size 
are used with a total of at least 12,000 acres, 
The confidence limits of the prediction in- 
crease both below and above the mean. 
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RANGE USE, FOOD HABITS, AND AGRICULTURAL RELATIONSHIPS 
~ OF THE MULE DEER, BRIDGER MOUNTAINS, MONTANA’ 


Bruce T. Wilkins 


Montana Fish and Game Department, Stanford, Montana 


A pronounced increase in Rocky Moun- 
tain mule deer (Odocoileus h. hemionus) 
numbers has occurred in recent years in the 
Bridger Mountains, Gallatin County, Mon- 
tana. Residents report that, as late as 1948, 
deer were quite scarce and not frequently 
sen. Today deer are commonly seen, and 
a large population is evidenced by overused 
browse plants as well as by damage to agri- 
cultural products. Predator control, buck- 
only seasons (until 1952), and a scarcity of 
hunters due to the precipitousness of the 
terrain have undoubtedly been contributing 
factors to this increase. 

Except for casual observations, no at- 
tempt had been made to secure basic eco- 
logical information necessary for proper 


—— 


‘4 joint contribution from Montana State College, 
Agricultural Experiment Station, Project No. MS 
$44, Paper No. 389, Journal Series, and the Wildlife 
Restoration Division, Project W-73-R-1, Montana 
Fish and Game Department. 
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Fic. 1. 


management of this herd. Specific informa- 
tion on food habits and range use was lack- 
ing, not only for this area but for much of 
the state. To help clarify the intricate prob- 
lems associated with the management of 
this game animal, a study was carried out on 
a full-time basis during the summer and 
winter months, and periodically in the fall 
and spring, from June 16, 1955, to May 7, 
1956. Food habits, range use, and agricul- 
tural relationships were emphasized. Al- 
though the study was conducted primarily 
to aid in the future management of the mule 
deer in the Bridger Mountains, it was felt 
that the results would have definite applica- 
tion to the management of this animal in 
similar situations throughout the state. 
Appreciation for aid during the study is 
extended to the following: Don C. Quimby 
for technical supervision and guidance in 
writing the manuscript; Joseph Townsend, 
District Game Biologist, for direction and 
assistance in the field; J. C. Wright and 
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Fic. 2. Vegetative types at high elevations: foreground, mountain meadow; right rear, upper montane 
forest; left rear, steep mountain peaks. 


W. E. Booth for aid in identifying plant ma- 
terials. Further thanks are extended to the 
ranchers in the area, and particularly to Mr. 
and Mrs. Ralph Armstrong for their close 
cooperation. During the course of the study 
the author was employed by the Montana 
Fish and Game Department under Federal 
Aid Project W-73-R-1. ~ 


DESCRIPTION OF THE AREA 


The Bridger Mountains are situated in 
southwestern Montana, north and east of 
Bozeman. Their west slope is composed 
primarily of shale and limestone formations. 
The mountains are quite steep at their base 
(elevation 5,600 feet) and at their peaks 
(maximum elevation 9,669 feet). The nu- 
merous canyons generally extend in an 
east-west direction. That part of the range 
involved in the food-habits study was re- 
stricted to 6.5 square miles on the western 
slope (Fig. 1). This area was vegetatively 
typical of that part of the slope where the 


foothills area is devoted to agriculture. 

Four distinct vegetative types were recog. 
nized on the study area. Scientific and con- 
mon names of plants follow those of Booth 
(1950) and Wright and Booth (1956). I 
cases where these authors did not cite con- 
mon names, those given by the American 
Joint Committee on Horticultural Nomencla- 
ture (1942) are used. 

Mountain meadow.—This type occurs at 
the base of the steep peaks (Fig. 2). The 
vegetation is characterized by grass and 
grass-like plants. Purple oniongrass ( Melica 
spectabilis), Idaho fescue (Festuca idaho- 
ensis), and sedges (Carex spp.) are the 
principal species. The remainder of the 
vegetation is composed of various forbs with 
some intermittent patches of Douglas-fir 
(Pseudotsuga taxifolia) and alpine fir (Abies 
lasiocarpa). This mountain-meadow type 
occurs from 8,600 to 7,800 feet, extending 
farther downward in the creek bottoms. The 
high altitude together with abundant springs 
keeps this part of the area moist and the 
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Fic. 3. Vegetative types at lower elevations: foreground, bunchgrass prairie; midsection, sagebrush- 
bitterbrush; rear, lower montane forest. 


vegetation succulent approximately a month 
after the vegetation at the base of the moun- 
tain has dried up. 


Montane forest.—This type is character- 
ized by a Douglas-fir forest (Figs. 2 and 3) 
that has not been logged commercially since 
approximately 1900. The understory is com- 
posed primarily of browse species and elk 
sedge (Carex geyeri). The principal browse 
species are common juniper (Juniperus 
communis) and common snowberry (Sym- 
phoricarpos albus). This type occurs from 
8.600 to 6,000 feet. It extends downward in 
elevation another 200 feet on the north- 
facing exposures (Fig. 3). 

Sagebrush-bitterbrush.—This type occurs 
on the steep mountain base from approxi- 
mately 6,400 to 5,600 feet (Fig. 3). Big 
sagebrush (Artemisia tridentata), bitter- 
brush (Purshia tridentata), and Rocky 
Mountain juniper (Juniperus scopulorum ) 
are the characteristic plants. Grasses are 
next in abundance with cheatgrass (Bromus 


tectorum) and bluebunch wheatgrass (Ag- 
rypyron spicatum) predominant. Balsam- 
root (Balsamorhiza sagittata) and field 
chickweed (Cerastium arvense) appear to 
be the most common forbs. 


Bunchgrass prairie —This type is located 
on the alluvial fan at the base of the moun- 
tain (below 5,600 feet) and is used exten- 
sively for agricultural purposes (Fig. 3). 
The untilled portion is grazed. Here the 
principal grasses are Idaho fescue, blue- 
bunch wheatgrass, and needle-and-thread 
( Stipa comata ). Balsamroot, yarrow (Achil- 
lea lanulosa), and arnica (Arnica spp.) are 
abundant forbs. Some big sagebrush also 
occurs on this type. In the more moist situa- 
tions other woody plants occur, the most 
common species being black poplar ( Popu- 
lus trichocarpa) and black hawthorn (Cra- 
taegus douglasii). That portion that is tilled 
is devoted primarily to growing wheat, or 
alfalfa and smooth brome ( Bromus inermis ) 
hay. 





JOURNAL OF WILDLIFE MANAGEMENT, VoL. 21, No. 2, Aprit 1957 


Use oF VEGETATIVE TYPES 


Deer use of vegetative types was deter- 
mined by morning and evening observations 
with a7 X 35 binocular and a 20-power spot- 
ting scope. Approximately 3,500 observa- 
tions of deer were recorded during the study. 
Observations were made on the bunchgrass 
prairie and _ sagebrush-bitterbrush types 
throughout the study and from July 15 to 
September 12 on the mountain-meadow 
type. One aerial flight over the entire study 
area was made on November 25. 

Sagebrush-bitterbrush was the most heav- 
ily utilized type. From June 16 to August 
14, the average number of deer per observa- 
tion (41 observations) seen there was five. 
The number of young fawns observed (in- 
cluding four that were caught and tagged) 
suggest that parturition occurs either on this 
type or on the lower montane forest in this 
region. From August 15 to October 31, the 
number of deer per observation dropped to 
slightly under two for 25 observations. This 
was probably related to the arid conditions 
present at this lower elevation during that 
time. On November 7, when 45 deer were 
observed, and throughout the remainder of 
the study, large numbers of deer were pres- 
ent here. Based on 71 observations from 
November 7 to March 19, this concentra- 
tion averaged about 25 per observation. 
Over 90 per cent of these deer were observed 
on south-facing exposures. These slopes 
seldom remained snow-covered for periods 
exceeding one or two days, and provided 
the principal wintering areas for the herd. 
The slopes not receiving the direct rays of 
the sun remained snow-covered throughout 
the winter. Use of the sagebrush-bitterbrush 
type continued through the remainder of 
the study, the number of deer averaging 46 
for 11 observations. This increase over the 
average number seen in the November to 
March 19 observations is believed to have 
been due to the earlier and later times of day 
at which observations were carried out. 

The bunchgrass prairie was moderately 
used from June 16 to October 31 (an aver- 
age of 4 deer per observation for 90 observa- 
tions). From August to October most of 
these deer were in close proximity to Cotton- 
wood Creek or Bill Smith Creek, the two 
main creeks in the area. From December 

through March 19 this type was continuously 


covered by one to two feet of snow, and few 
deer were seen (less than one deer per ob. 
servation for 75 observations ). Deer at ha 

stacks were not considered in these oak 
By March 20 much of this area was clex 
of snow, and on that date 18 deer were seen 
feeding on this type. From that date unt 
the conclusion of the study (May 7) there 
was an increase in use, indicated by an 
average of 13 deer per observation for 13 
observations. 

In the montane forest, trees restricted 
vision so that few observations were carried 
out there. The absence of deer from othe, 
areas during most days made it apparent 
that this area was used for shelter and rest 
The lower portion was used as escape cover 
for the deer on the sagebrush-bitterbrys) 
type and the upper portion was visited by 
deer using the mountain meadows, No 
tracks or deer were seen in the upper half of 
this type on a flight that I made on Novem. 
ber 25, but deer and tracks were present on 
the lower half. 

Deer used the mountain meadows ex. 
tensively in the summer. This is indicated 
by an average of 11 deer seen in the 23 ob. 
servations made there. The only other ob- 
servation on this type was in the course of 
the November 25 flight, when no deer or 
tracks were seen. 


Foop Hapsirs 


The techniques used to determine food 
habits were similar to those used by Saun- 
ders (1955) and Cole (1956) and consisted 
of rumen analysis together with the record- 
ing of feeding observations. Where deer 
were seen to feed, feeding observations were 
made by examining areas for signs of recent 
plant use. Direct observation of use was 
recorded when possible. During the winter 
it was possible to follow deer tracks and de- 
termine use of certain plants. 

Twenty-seven deer were collected from 
June 22, 1955, to May 6, 1956, and a one- 
quart rumen sample was obtained from each. 
A minimum of two deer per month was ob- 
tained with the exception of May and June. 
Only one deer was taken in each of these 
months. Three were collected in both Oc- 
tober and January. Five were obtained in 
December. Collections were generally made 
at approximately 15-day intervals. The 
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rumen samples were preserved in a 10 per 
cent formalin solution. In the laboratory, 
the sample was washed with water on con- 
secutive 3-mm. and 2-mm. screens. The 
material retained on the 3-mm. screen was 
then placed in a pan of water, and the 
identifiable portions removed. Identifica- 
tion as to species, genus, family, or general 
group was then made by comparison with 
areference plant collection After drying on 
paper toweling to remove excess moisture, 
the volumes (to the nearest 0.5 per cent) 
of the segregated portions were determined 
by water displacement. The same material 
was then air-dried and weighed to the near- 
est 0.01 gram. Material with a volume less 
than 0.5 cc. was recorded as “trace.” The 
unidentifiable material on the 3-mm. screen 
was included with that on the 2-mm. screen. 
Volume and weight were taken. A total of 
4403 cc. of material from the 27 rumen sam- 
ples was obtained, of which 32 per cent was 
identified. The percentage of the stomach 
contents that any one item constituted for 
a season or other period was computed by 
the aggregate percentage method ( Martin, 
et al., 1946). This involved a determination 
of the percentage of the total identifiable 
material in each rumen sample that the item 
in question constituted. The percentages for 
all stomachs for any period were then aver- 
aged (Table 1). 


Summer (June, July, August, to 
mid-September) 


Six rumen samples were included in this 
season (1 June, 2 July, 2 August, and 1 early 
September ). Three were from deer collected 
on the mountain meadow, one was from a 
deer on an alfalfa field, and two were 
from deer on the sagebrush-bitterbrush type. 
One of the latter had been seen to feed 
earlier on the bunchgrass prairie. Forbs (12 
items) constituted 77 per cent by volume 
and 74 per cent by weight of the samples. 
Salsify (Tragopogon dubius) and alfalfa 
were important identifiable forbs. Other 
important identifiable forbs included bal- 
samroot, fewflower aster (Aster modestus ), 
common dandelion (Taraxacum officinali), 
and silvery lupine ( Lupinus argentea). Un- 
identified forbs made up 22 per cent by 
volume and 22 per cent by weight. Browse 
(3 species) formed 19 per cent of the samples 
by volume and 21 per cent by weight, with 


bitterbrush and _ thin-leaved huckleberry 
( Vaccinium membranaceum ) being the im- 
portant browse species. Grass composed 3 
per cent of the volume and 4 per cent of the 
weight. 

Undue importance was probably given to 
alfalfa and bitterbrush by the limited sam- 
pling. The one sample from the deer taken 
on an alfalfa field contained 71 per cent 
alfalfa by volume and 78 per cent by weight. 
The only other occurrence of alfalfa (2 per 
cent by volume and 2 per cent by weight) 
invoived the specimen taken on June 22. 
In the one sample from a deer seen only on 
the sagebrush-bitterbrush type, bitterbrush 
composed 87 per cent by volume and 89 per 
cent by weight. 

The most important browse species in the 
samples from deer taken on the mountain 
meadow was thin-leaved huckleberry. This 
species was present in all the samples from 
this type, and only in these samples. Most 
of the unidentified forbs came from deer 
collected on the mountain meadow. 

Three hundred and twelve feeding obser- 
vations were made during this season. The 
breakdown by types was: mountain meadow 
162; sagebrush-bitterbrush 26; bunchgrass 
prairie 124 (including 70 from alfalfa fields). 
Forbs constituted 74 per cent of the ob- 
served plant use. Alfalfa and balsamroot 
were the most important species. Browse 
(20 per cent) was second in importance, 
with bitterbrush being the major species. 
Grass formed 2 per cent of the observed 
plant use. 


Fall (mid-September, October, November) 


Six rumen samples were analyzed (1 late 
September, 3 October, and 2 November). 
The September and October 8 samples were 
from deer collected on the bunchgrass 
prairie near Cottonwood Creek. The re- 
maining four samples were collected from 
deer on the sagebrush-bitterbrush type. 
Browse was most important in this season 
(73 per cent by volume, 75 per cent by 
weight). Bitterbrush and western snow- 
berry (Symphoricarpos occidentalis) were 
the most important of the 9 browse species. 
Forbs (4 items) constituted 24 per cent by 
volume and 22 per cent by weight. Alfalfa 
and balsamroot were the more important 
members of this group. Grass composed 3 
per cent by volume and 3 per cent by weight. 
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TaBLE 1. — Continued 
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1Twenty-one plant items that did not exceed 0.5 per cent in any one season are omitted from this tabulation: Berberis 
repens, Artemisia frigida, Rhamnus alnifolia, Salix bebbiana, Acer glabrum, Penstemon albertinus, Hieracium albertinum, 
Aster spp., Leguminosae, Rudbeckia laciniata, Liliaceae, Smilacine stellata, Galium boreale, Capsella bursapastoris, Cheno- 
podium album, Cirsium undulatum, Chrysopsis villosa, Heuchera ovalifolia, Arabis nuttalli, Potentilla gracilis and Carex 
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For the four samples from deer on the Rocky Mountain juniper were important 
sagebrush-bitterbrush type, bitterbrush con- _ browse species. Four forbs made up 18 per 
stituted over 53 per cent by volume and 58 cent by volume and 16 per cent by weight. 
per cent by weight for each sample. Big The major forb was balsamroot. Grass rep- 
sagebrush was first present in the October _ resented 14 per cent by volume and 10 per 
16 sample as a trace. In the October 23 cent by weight. 
sample it was 1 per cent by volume and 1 Big sagebrush ranked first in December, 
per cent by weight. In the November 7 and January, and February, and was third in the 
91 samples it was, respectively: 3 per cent March sample with volumes and weights for 
by volume and 3 per cent by weight; 32 per respective months approximating 25 per 
cent by volume and 28 per cent by weight. cent. In no month did bitterbrush form over 
Of the two samples from deer on the 18 per cent by volume and 21 per cent by 
bunchgrass prairie, western snowberry av- weight of the samples. In the March sample 
eraged 33 per cent by volume and 33 per _ it was 6 per cent by volume and 5 per cent 
cent by weight, making it the most important | by weight. An increase in the percentage of 
species. Alfalfa was the most common forb juniper and Douglas-fir in the samples from 
in these two samples, constituting 16 per December to February was noted. Juniper 
cent by volume and 22 per cent by weight. | volumes and weights for the respective 
Alfalfa was present in all samples for this months were: 10 per cent, 12 per cent, 13 
season except the one from November 21. _ percent, 19 per cent, 13 per cent, 16 per cent. 
Alfalfa seeds found in the October 8 and 16 In December Douglas-fir was present only 
samples were well developed. As this forb as “trace.” In January and February it was, 
is usually cut before seeds mature, much of _ respectively: 1 per cent by volume, 1 per 
this was probably taken directly from alfalfa cent by weight; 7 per cent by volume and 9 
fields rather than from haystacks. per cent by weight. In the March sample 
juniper was the most important species (29 
Winter (December, January, February, to Per cent by volume, 37 per cent by weight). 
; No Douglas-fir was present in the March 
mid-March) ; 
sample. Grass was present in all but one 
Eleven rumen samples (5 December, 3 sample (January 20). It constituted 44 per 
January, 2 February, and 1 early March) cent by volume and 27 per cent by weight 
were analyzed. All were collected from deer of the January 2 sample. In the March sam- 
on the sagebrush-bitterbrush type. Nine ple it was 28 per cent by volume and 25 per 
browse items constituted 66 per cent by cent by weight. 
volume and 72 per cent by weight of the Deer use of 193 plants was noted, 158 on 
samples. Big sagebrush, bitterbrush, and the sagebrush-bitterbrush type and 35 on 
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the bunchgrass prairie. Browse constituted 
58 per cent of the use noted. Big sagebrush, 
bitterbrush, and Rocky Mountain juniper 
were important. Forbs composed 32 per 
cent of the observations with balsamroot 
being the most important species. Grass 
use comprised 12 per cent of the observa- 
tions. 


Spring (mid-March, April, May) 


Four rumen samples were included in 
this season (1 late March, 2 April, and 1 
May). Three samples were from deer feed- 
ing on the sagebrush-bitterbrush type, the 
other from a deer on the bunchgrass prairie. 

Forbs (13 species ) constituted 40 per cent 
by volume and 37 per cent by weight. Bal- 
samroot and alfalfa were again the major 
forbs. Western spring-beauty (Claytonia 
lanceolata) and sagebrush buttercup (Ran- 
unculus glaberrimus) were other important 
forbs. Grass was equal to forbs in impor- 
tance, constituting 37 per cent by volume 
and 38 per cent by weight. Browse was of 
lesser importance, composing 24 per cent 
by volume and 29 per cent by weight. Sage- 
brush and juniper were important browse 
species. Bitterbrush was of minor impor- 
tance. In the May 6 sample sagebrush 
dropped to 1 per cent by volume and 1 per 
cent by weight, the lowest since the October 
16 sample. In the two samples obtained 
after April 4, juniper and bitterbrush were 
absent, or present only as a trace. Alfalfa 
was present in only one sample (May 6) 
and composed 47 per cent by volume and 
49 per cent by weight. The deer from which 
this sample was obtained was feeding on the 
sagebrush-bitterbrush type within 500 yards 
of an alfalfa field. The alfalfa appeared 
to be new growth. 


Yearlong Trends and Discussion 


The food-habits data indicate certain 
trends in the diet of the deer on the study 
area. During the summer forbs were most 
important. Browse was of less importance, 
and grass was little utilized. In the fall, 
browse became the important group and the 
percentage of forbs was reduced. Grass re- 
mained a minor food. Bitterbrush was the 
most important browse species in the fall, 
composing the majority of all samples from 
deer on the sagebrush-bitterbrush type. In 
the winter there was a decided decline in 
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the use of this species, although browse r 

mained the important group. Concurrent 
with the decrease in bitterbrush was an in 
crease in the utilization of big sagebrush, 
Rocky Mountain juniper and Douglas-fi: 
tended to increase in percentage as the win. 
ter progressed. Forbs were of limited im. 
portance during this period with balsam. 
root the most abundant forb in the samples 
More grass was present in winter samples 
than in those for either the fall or summer 
but this group was still least utilized, Going 
into spring, the samples indicate a shift 
toward grass. During the spring, forbs and 
grass were of equal importance. Browse 
was of lesser importance in this season, with 
big sagebrush being moderately utilized yp. 
til May. Bitterbrush use steadily declined, 

These seasonal trends are similar to those 
found by Smith (1952) in Utah. Studies by 
the Interstate Deer Herd Committee (1951) 
and Lassen, et al., (1952) have also indi- 
cated a decided decline in bitterbrush con- 
sumption from fall to winter, accompanied 
by increased use of big sagebrush. These 
authors suggest that this subrogation may 
be in part due to a decrease in palatability or 
nutritional value of bitterbrush. Bissell, 
et al., (1955) tested digestibility of bitter. 
brush and big part Ss They concluded 
that in periods of greatest use (November 
and December in their study) bitterbrush 
digestibility appeared to be slightly lower 
than in March. They further found that 
bitterbrush would maintain deer for several 
weeks with only a slight loss of weight and 
that it appeared to be an extremely palatable 
food. Big sagebrush proved to be extremely 
unpalatable. Smith and Hubbard (1954), 
testing palatability of these species in De- 
cember and March, rated bitterbrush as 
preferred over big sagebrush. It would seem 
from these works that the decline in bitter- 
brush consumption might be best attributed 
to decreased availability of this browse. 

In the California studies where this de- 
creased consumption of bitterbrush was 
noted, the use of this plant appears to have 
been excessive. Such was the case on this 
study area, where hedging and death of 
plants were apparent. On May 7, 43 bitter- 
brush twigs, which had been marked at the 
base of the new growth on November 2, 
were remeasured. The late date for initial 
marking was chosen to preclude any live- 
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dock use. These marked twigs indicated 
onsumption of 61 per cent of the new 
nowth. It is estimated that about 40 per 
went of the twig growth should remain on 
hitterbrush plants each season to maintain 
nt vigor and to insure adequate seed 
duction (Hormay, 1943). Twenty-four 
narked twigs were not relocated, and it is 
felt most of these received 80-90 per cent 
se, resulting in the loss of markers. The 
rt of the area on which the tagged plants 
were located did not receive the heaviest 
we by deer during the winter. As the 
amount of bitterbrush present in rumen 
samples decreased in all samples analyzed 
ater the date on which the plants were 
tagged, probably the period of greatest 
hitterbrush use was not included in the re- 
wits. All these factors would tend to give 
an underestimate of the percentage con- 


sumed. 
Norris (1943) has indicated the possibility 
of undue weight being given to browse 
species by stomach analysis. There seems 
to be little question, however, that stomach 
analysis can be used as an indication of use, 
especially as related to major items in the 
diet. The similarity between the observed 
feeding percentages and the rumen analysis 
percentages strengthens this contention. 


AGRICULTURAL DEPREDATION 


Deer damage to agricultural products has 
heen reported frequently in various sections 
of the country (Doman and Rasmussen, 
1944, Leopold, et al., 1947; Thomas and 
Pasto, 1955). Since 1949, numerous com- 
plaints have been made of deer damaging 
alfalfa haystacks and growing alfalfa in the 
vicinity of the study area. Three alfalfa 
fields and a total of 11 haystacks were under 
observation during this study. Two alfalfa 
fields in close proximity to moist areas re- 
ceived heavier deer use during the summer 
with slightly less than 2 deer for 93 observa- 
tions as opposed to 0.3 deer in 61 observa- 
tions on the remaining field. 

Considerable damage to haystacks oc- 
curred, with as many as 50 deer observed at 
astack at one time. Stacks of baled hay did 
not escape deer damage, but paneling with 
wooden panels did prevent all but minor 
damage. The distance from the mountain 
apparently had some effect on the time 
depredation began, with those stacks closest 
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to the mountain receiving earliest usage. A 
late hunting season seemingly brought ces- 
sation of deer damage only to the one stack 
farthest from the mountain (approximately 
three-quarters of a mile away). 

It is known that alfalfa hay will be eaten 
by deer when their natural diet is not ade- 
quate. Deer depredation on haystacks is 
believed to have been caused primarily by 
a lack of adequate amounts of palatable 
browse species following the restriction of 
the winter range by snow. Moderate dam- 
age began in November when deer first ar- 
rived en masse on the winter range. There 
was some snow on the hills, but the snow 
cover was sporadic until early December. 
From early December to late March all the 
north-facing slopes were continuously snow 
covered. Severe damage to the most heavily 
depredated stacks commenced in early De- 
cember. March 20 followed three days of 
generally clear, mild (45° F.) weather and 
was the date the last extensive damage to 
stacks occurred. After that, the range re- 
mained free of deep snow. A few deer were 
later reported at the haystacks but apparent- 
ly caused little damage. 


HunNTING SEASONS 


Since the mid-1930’s, deer seasons for the 
general locality including the study area 
have been held from October 15 to Novem- 
ber 15. From 1931 until 1952, hunting was 
on a “buck only” basis. Since 1951, does 
could also be shot at some time during the 
season. Postseason hunts (special open sea- 
sons after the regular hunting season) were 
carried out in January, 1954 and from De- 
cember 20, 1955, to January 15, 1956. 

Kills during the study period were esti- 
mated from checking-station data, personal 
contact with hunters, questionnaires, and 
rancher interviews. A checking station on 
the main road leading from the study area 
was operated for two days during the 1955- 
56 postseason hunt. Forty-two hunters were 
questioned as to the general area hunted, 
success, and whether they had had an op- 
portunity to kill a deer. The latter was 
asked to eliminate the effect of poor shoot- 
ing and of hunting only bucks. 

Of the hunters contacted at the checking 
station, 45 per cent were successful, while 
52 per cent had an opportunity to kill a deer. 
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Those who had hunted off of the road had 
a 66 per cent success, 93 per cent having 
had an opportunity to kill a deer. Thirteen 
(almost one-third ) of the hunters never left 
the road; none of these had an opportunity 
to kill a deer. The reluctance of hunters to 
leave the road poses a definite problem in 
attempting to manage the deer in this area. 

On the study area an estimated 100 deer 
were killed during the hunting seasons. 
Fourteen other deer were collected specif- 
ically for rumen analysis prior to February 
17 (when the first starvation loss was 
noted ), making a total kill of 114 up to that 
time. The starvation losses (all fawns); ex- 
cessive use of a key plant (bitterbrush); 
large amounts of an emergency food, juniper 
(Leopold 1933), in late-winter rumen sam- 
ples; and extensive haystack damage, all 
point to an overbrowsed winter range. That 
overbrowsing has not been restricted to this 
one year is attested by high-lined juniper, 
dead and hedged bitterbrush plants, and 
rancher reports of excessive winter deer 
losses (apparently starvation ) and haystack 
damage in recent years. A need for an in- 
creased harvest is apparent. 

Not until the fourth week of the season 
were large numbers of deer relatively ac- 
cessible to hunters. Most hunters were ob- 
served to be reluctant to climb high into the 
mountains early in the season, or to wait 
until late in the season to get a deer. Rogers 
(1953) has indicated that most deer in Colo- 
rado are killed in the first week of a season. 


SUMMARY 


The range use, food habits, and agricul- 
tural relationships of the Rocky Mountain 
mule deer (Odocoileus h. hemionus) were 
investigated from June 16, 1955, to May 7, 
1956, on a 6.5-square-mile section of the 
Bridger Mountains, Montana. Four vegeta- 
tive types—mountain meadow, montane for- 
est, sagebrush-bitterbrush, and bunchgrass 
prairie—were recognized and described. 
Use of vegetative types throughout the 
study period was determined by observa- 
tions. Intraseasonal and interseasonal dif- 
ferences in use of vegetative types were 
indicated. 

Food habits were determined by rumen 
analysis, direct observations of feeding deer, 
and examination of specific areas for evi- 
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dence of plant use by deer. During the sum 
mer, forbs were the most important ( 
followed by browse and grass. The dat, 
from the fall indicate a reversal in impor 
tance of browse and forbs. During the we. 
ter, the relative positions of the groups wer 
retained. Big sagebrush replaced bitter. 
brush as the most abundant species, The 
subrogation of bitterbrush by big sagebrys) 
from fall to winter was apparently due ty 
decreased availability of the former. In the 
spring, forbs and grass were of equal im. 
portance. Browse was the least abundant 
group in these samples. 

The number of deer utilizing alfalfa field, 
was recorded. Various factors apparently 
influencing haystack depredation wer 
noted. 

Evidence of the failure of hunting sea. 
sons to control this herd are noted and some 
reasons for this failure are presented. 


group, 
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The physiological responses of wild birds 
to the stimuli that induce migration have 
received increasingly intensive study in re- 
cent years. Of the various manifestations of 
readiness to migrate fat deposition has been 
singled out by Wolfson (1942, 1945, and 
1954) and others as being of particular im- 
portance. 

An opportunity to study this relationship 
inthe mourning dove (Zenaidura macroura) 
was provided by an investigation of this 
species in Illinois between 1948 and 1954. 
Findings in this report are based almost 
entirely upon study of doves in the wild, 
thereby differing from those of many pre- 
vious investigations that have relied chiefly 
upon results of experiments with caged in- 
dividuals. Our data offer information on 
rates of deposition of fat in the immature 
of a species that increases its body weight 
and continues the process of physical ma- 
turation for ten weeks after leaving the 
nest. The role of deposition of fat in young 
doves is also complicated by the occurrence 
of a complete body molt and the initiation 
of migrational movements during this pe- 
riod of growth. 


MATERIALS AND METHODS 


The data presented here are on a sample 
of over 600 doves taken chiefly during the 
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WEIGHT AND BODY-FAT RELATIONSHIPS OF MOURNING DOVES 
IN ILLINOIS 





LEGEND 
A-COOK CO. 
B-CHAMPAIGN CO. 
C-MASON CO. 

D- HANCOCK CO. 


Fic. 1. Principal areas in Illinois where mourning 


doves were collected. 
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AGE GROUPS BY PRIMARY MOULT 


Fic. 2. Frequency of age groups of immature doves by combined categories of primary-molt groups, 


Illinois hunting season, September 1-30. A 
few, however, were collected in July and 
August. The counties where collections 
were made are shown in Fig. 1. Collected 
doves were weighed during the evening of 
the day they were shot, or kept on ice and 
weighed the following day. The stage of 
molt of the wing primaries, i.e., the primary 
most recently lost or in the process of being 
replaced, was recorded. Recorded body 
weights were corrected by subtracting the 
weight of the crop contents. This correction 
was important as the crop contents of these 
doves weighed as much as 11 grams, or 8-10 
per cent of the actual body weight. The 
doves were then plucked and, on the basis of 
examination and dissection, the relative 
amount of body fat was estimated, using 
the McCabe scale (1943). For convenience, 
numerals 1-6 were assigned to the various 
categories: 1—no fat, 2—little fat, 3—mod- 
erate fat, 4—fat, 5—wvery fat, and 6—ex- 
cessively fat. The use of figures had the 
advantage that average fat values could be 
calculated for comparative purposes. In 
some cases fat classes were combined in 


order to present a simpler and clearer pres- 
entation. Sex and breeding condition were 
determined by dissection. 

For assistance in collecting specimens, we 
wish to acknowledge especially the help of 
George C. Arthur of the Illinois Department 
of Conservation, and of Milo, John and 
Donald Suchy, and George Wold of Bar- 
rington, Illinois. Kossack (1952) has des- 
cribed the procedure used in obtaining 
specimens from hunters in the Barrington, 
Illinois, region. We are indebted to Albert 
Wolfson, Northwestern University, with 
whom the data were discussed at an early 
stage of the study, and to S. Charles Ken- 
deigh, University of Illinois, for helpful 
criticism of the manuscript. H. W. Norton 
of the University of Illinois provided helpful 
advice on statistical matters. 


RESULTS 


Regional Differences in Age of 
Immature Doves 


The ages of the immature doves showed 
surprising regional differences: those col- 
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Fic. 3. Mean and extreme weights of adult 
mourning doves with undeveloped and developed 
crops. Rectangles in graph represent limits of two 
times the error of the mean above and below the 
mean, Each datum in the table below the figure 
is followed by its standard error. 


lected in Champaign County averaged least 





in age, followed by birds from Cook and 
Mason counties with a markedly higher per- 
centage of older immatures being collected 
in Hancock County, Fig. 2. Age differences 
might be expected to be greatest between 
northern and central Illinois collecting sta- 
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tions because of the 150-mile difference in 
latitude, the corresponding climatic differ- 
ences, and the possibility of correlative dif- 
ferences in the nesting phenology, but the 
greatest age differences were found between 
collections of immature individuals from 
east-central and west-central Illinois. 


Body Weight of Doves 


Sex and age differences——Weights of 
adult mourning doves from the four study 
areas are summarized in Fig. 3. In both 
sexes the average weights of birds that 
showed development of the crop pads were 
greater than those of birds that were not 
undergoing a similar phase of a reproduc- 
tive cycle at the time of collection. In the 
males the difference is 1.6 per cent; in the 
females, 5.4 per cent. The greater and 
statistically significant difference between 
the females is accounted for in part by the 
increased development of the ovary and 
particularly the oviduct, which is partially 
synchronized with the development of the 
crop pads. 

Body-weight data for nine age categories 
of immatures from the four areas are sum- 
marized in Fig. 4. In each category, the 
average weight of the males significantly ex- 
ceeds that of the females, the males aver- 
aging 8.5 per cent heavier than the females 
with the difference varying from 5.8 to 10.8 
per cent. Our data indicate that the im- 
matures attain a body weight equal to the 
adults when they are about midway be- 
tween the molt of their sixth and seventh 
primaries (Figs. 3 and 4). However, total 
body-weight comparisons alone are mis- 
leading without reference to body fat. For 
a brief period, between the molting of pri- 
maries 7 and 8, some immatures carry a 
heavier fat load than the adults and hence 
exceed average weights for adults not in 
breeding condition. 

Regional weight differences—It might 
be assumed that a common, widespread, 
and highly migratory species such as the 
mourning dove would show little geographic 
variation in body weight over so small a part 
of its total range as Illinois. Yet some re- 
gional weight differences were noted (Ta- 
bles 1 and 2). Immature doves collected in 
Hancock County averaged significantly 
heavier in most age groups than immature 
doves collected in the other three state areas. 
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Fic. 4. Mean and extreme 
mary-molt age classes. The 
times the error of the mean 


weights of male and female immature mourning doves in successive pri- 
rectangle about the mean value represents the limits for the value of two 
above and below the mean. In the accompanying table, each datum is 


followed by its standard error. 


Body-fat Relationships 


Age and regional differences.—It has been 
shown that immature dove populations in 
Illinois in September varied regionally in 
average age and in weight at successive 
stages of molt of primaries. It can further be 
shown that the rate of gain of body fat of im- 
mature doves in September may vary mark- 
edly in some years in restricted areas of a 
state region as a result of specialized feeding 
habits. In Fig. 5, comparison is made of 
the rates of gain of fat by different primary- 


molt age groups of immature doves shot in 
September. The patterns of gain of fat of 
immature doves from Cook and Champaign 
counties were so similar that data for those 
doves were combined. Immatures collected 
in Hancock County in 1952 and 1953 were 
considerably heavier than those collected in 
any of the other three state areas. The 
greater weights of the Hancock County 
doves were apparently chiefly due to their 
greater fatness. 

The percentage of doves that carry various 
amounts of body fat is also of considerable 
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AGE BY PRIMARY MOULT 


Fic. 5. Average fat values for immature mourning doves collected in four areas of Illinois. Curve plot- 
tings are by successive primary-feather molt. 


interest. These data are summarized by 
primary-molt age groups and by counties 
in which the doves were collected, Fig. 6. 
For this analysis, moderately fat includes 
moderate fat (class 3) and fat (class 4) 


birds; very fat represents very fat (class 5) 
and excessively fat (class 6) birds. 
Weight differences——The amount of fat 
carried by immature doves was reflected it 
their average body weight (Tables 3 and 4). 
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TABLE 3. — MEA 


N AND EXTREME WEIGHTS OF IMMATURE MALE MouRNING DOvEs 
PRIMARY-MOLT AND Fat CATEGORIES, 1948-53 
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IN ILLINOIS BY 














No Fat Little Fat Moderately Fat Very Fat 
Ap ad (Category 1) (Category 2) (Categories 3 and 4) (Categories 5 and 6) 
— = Mean Range No. Mean Range No. Mean Range No. Mean Range 
0 6 95.7 81.2-111.6 3 95.8 92.0-115.7 2 98.4 94.5-102.4 0 —- —_——- 
l 11 108.0 90.2-114.5 10 107.9 94.5-124.5 3 104.0 100.7-108.4 2 121.9 120.2-123.5 
9 7 104.6 91.6-115.3 10 105.7 94.0-123.0 5 112.7 105.0-134.4 Il 113.2 —— 
: 12 107.3 90.0-118.1 22 111.1 101.1-126.0 ll 111.5 95.7-134.1 3 140.2 134.7-149.6 
, 8 109. 102.0-119.5 8 111.8 98.3-123.3 8 118.4 110.5-125.6 3 132.0 130.0-134.2 
: ao ee <a 8 116.8 105.7-126.2 5 119.6 98.0-129.8 1 137.5 a 
6 3 105.9 101.9-110.4 16 119.0 109.9-129.7 7 $121.6 111.7-137.8 4 142.8 135.5-150.8 
1 1 95.4 ee 5 118.6 110.0-129.2 12 126.8 118.2-142.6 3 139.9 134.0-147.6 
8 1 106.5 — 2 115.6 114.0-116.3 5 123.2 117.9-129.0 1 129.8 —— 





Immature doves rated as having “little fat” 
carried such small amounts of fat that it 
seems probable that part of the weight dif- 
ference between these doves and those rated 
as carrying “no fat” represents the more com- 
plete development of the skeletal muscula- 
ture of the former. Mason County birds ap- 
peared to be more poorly “fleshed” than 
immatures collected elsewhere in the state 
and many were so devoid of fat that their 
skin, when plucked of feathers, had a bluish 
appearance. Despite the marked variability 
of weights in the various age and fat cate- 
gories, fairly consistent differences were 
found between the average weights for each 
fat category within specific primary-molt 
age groups. 

The average of mean weights of immature 
doves in all the nine primary-growth stages 
in each of the “fat” categories exceeded the 
average weight of doves carrying no body 
fat by the following: males—little fat 7.0 
per cent, moderately fat 10.6 per cent, and 
very fat 27.0 per cent; females—little fat 


5.8 per cent, moderately fat 14.6 per cent, 
and very fat 23.5 per cent. However, if a 
comparison is made only between the older 
molt-age classes, those in the “very fat” class 
will be found to exceed the average weight 
of doves of comparable age carrying no body 
fat by as much as 30-35 per cent. These aver- 
age-weight differences between birds of dif- 
ferent fat categories are similar to those re- 
ported for transient white-throated sparrows 
(Zonotrichia albicollis) by Wolfson (1954). 


Discussion 


Regional Differences in Age of 
Immature Doves 


Possibly a number of doves reared in ad- 
jacent areas of bordering states, particularly 
in Wisconsin, were included in the samples 
studied; of the doves collected in Hancock 
County, a few may have originated in east- 
ern Minnesota and Iowa. The heaviest kills 
of doves per hunter were made in counties 
that bordered the major rivers and their main 


TaBLE 4.— MEAN AND EXTREME WEIGHTS OF IMMATURE FEMALE MouRNING DovVEs IN ILLINOIS BY 
PRIMARY-MOLT AND Fat CATEGorRIEs, 1948-53 














Age by No Fat Little Fat Moderately Fat Very Fat 

Primary (Category 1) (Category 2) (Categories 3 and 4) (Categories 5 and 6) 
Molt No. Mean Range No. Mean Range No. Mean Range No. Mean Range 

0 5 81.8 70.1-91.3 8 92.7 86.2-101.8 0 —— aa 1 83.9 —- 

1 7 90.5 84.0-96.2 6 94.1 87.9-99.2 4 100.9 94.0-109.5 0 --- -— 

2 10 97.4 91.1-100.8 13 99.4 88.9-110.5 8 104.2 93.0-110.6 1 124.9 -_— 

3 10 = 99.7 88.7-107.9 17 98.4 86.9-112.5 8 104.9 99.0-117.4 2 126.0 119.8-132.2 
4 3 96.6 91.5-99.6 10 105.4 87.4-118.7 6 105.9 93.2-112.7 0 — ee 

5 3 95.5 78.9-107.2 12 106.1 96.4-117.3 8 114.5 103.4-121.3 10 126.2 118.6-143.0 
6 3 103.7 101.7-107.2 6 111.7 99.6-129.7 9 112.0 98.3-131.5 1 123.2 —_— 

7 1 103.7 — 13 110.9 101.2-125.5 4 117.9 111.5-124.6 3 135.3 125.7-145.4 
8 2 104.7 93.6-115.7 1 105.3 — 1 130.0 oe 0 —- —-- 
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Fic. 6. Frequency of immature doves in four fat categories in relation to age and state areas. Yeas 
represented by data: Cook Conty 1951 and 1952; Champaign County 1948-53; Mason County 1948-53; 
and Hancock County 1952 and 1953. 


tributaries (Hanson and Kossack, 1950). By _ who has stated that migration in doves be. 
virtue of superior nesting habitat and abun- gan with the movement of young in July. 
dant water supply, these counties harbor a A few doves may even move northward in 
relatively high population of nesting doves midsummer before their flights gradually 
as well as attract a concentration of migra- transform into a southward migration. On 
ting doves during fall. Thus, both locally the basis of extensive banding in [Illinois 
reared and migrant doves were believed to Taber (1930) concluded that doves migrate 
be represented in the samples. While the southward at the minimum rate of 6 to 13 
normal fall migration movements in the miles per day. However, as this calculation 
state are mainly southward, the pattern of is based on the interval between banding 
drainage may tend to channel flights toward _and time of recovery, it has little meaning in 
the southwest. These factors may partially terms of the distances covered in single 
explain the disparity in age of immatures flights. Spells of cooler weather in August 
found between our collections for the four appeared to accentuate movements, but 
counties representing regions in different roadside counts (Fig. 7) demonstrated that, 
parts of Illinois (Fig. 1). in any event, the locally reared population 

Correlation of the peaks of hatching and in the northern part of the state decreased 
of peaks and lows in weekly roadside cen- after about mid-August. The flocking and 
suses made in northeastern Illinois indicated southward movements of the older age 
that the early-hatched young begin local groups, i.e., of early-hatched immature 
movements or migrate from their home ter- doves, from the northern areas of Illinois 
ritory from early to mid-July when they are and Wisconsin as well, in effect reduce the 
five or six weeks of age. This finding is in average age of the immature population re 
agreement with that of McClure (1943), maining behind. Data in Fig. 2 also appear 
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to bear this out, a higher percentage of older 
immatures being found in the counties that 
lie adjacent to the Illinois and Mississippi 


rivers. 
Body-weight Relationships 


Our data show that adult mourning doves 
having fully developed crops and oviducts 
average greater in weight than those not 
showing some degree of development of 
these organs. The difference, however, was 
not so great as that reported for the ring 
dove (Streptopelia risoria ), the reason being 
that only a relatively few adult mourning 
doves collected while in a phase of the breed- 
ing cycle were taken when the reproductive 
organs were at peak development. Riddle 
and Braucher (1934) have shown that the 
body weight of female ring doves is in- 
creased 2-3 per cent by the marked (1,000 
per cent) and temporary growth of the ovi- 
duct. During the last four days of incuba- 
tion, the body weight of adult breeding ring 
doves increases by 7.7 per cent, the great 
temporary increase of the crop glands ac- 
counting for one-third of this increase. 

Our weight data reveal that male imma- 
ture doves average significantly heavier than 
the females in each of nine successive growth 
and primary-molt age stages. 


Body Fat in Immature Doves 


Regional differences—Regional differ- 
ences in the rate of gain of fat in immature 
doves were indicated by the samples. Im- 
mature doves from Hancock County put on 
considerable amounts of body fat during 
the early stages of primary molt and during 
the peak of the body molt even when the 
body growth was still proceeding at a fairly 
rapid pace. In contrast, the immature doves 
from Mason County did not gain an ap- 
preciable amount of body fat regardless of 
age. These facts indicate that deposition 
of fat in mourning doves is not wholly under 
inherent, internal control, but is dependent 
on a variety of external environmental fac- 
tors. 

Effect of soils—Soil fertility offers a par- 
tial, though indirect, explanation as to why 
doves fatten more readily in one area than 
in another, but in‘ view of the seemingly 
greater importance of other factors, only the 
briefest characterization of the soils con- 
cerned seems appropriate. Those of the gen- 
eral region of Barrington in Cook County 
vary from fairly thin woodland soils over a 
heavy layer of highly porous glacial drift to 
fertile heavy prairie soils in the lower more 
level areas (Wascher and Odell, 1951). 
About 92 per cent of Champaign County is 
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Fic. 7. Seasonal trend in roadside counts of mourning doves near Barrington, Illinois, 1949-52. 
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covered by upland prairie soils classified for 
the most part as “brown silt loam” ( Hopkins, 
et al., 1918) and of outstanding fertility. 
About 68 per cent of the soils of Mason 
County are sandy, and low in nitrogen and 
organic matter (Smith, et al., 1924b). Ex- 
tensive areas are covered by dunes which 
support only a sparse vegetation. Cultivated 
soils in Hancock County are equally divided 
into two main types: upland prairie soils, 
45 per cent; upland woodland soils, 45 per 
cent (Smith, et al., 1924a). In terms of yield 
of corn per acre, Hancock County soils are 
comparable to those of Cook County. 

The farming practices of the regions are 
correlated with soils. Cook County, in the 
region where collecting was done, is devoted 
chiefly to dairy farming with some general 
farming and stock feeding. Champaign 
County is devoted to cash-grain crops (corn 
and soybeans). Mason County lies in a 
mixed farming area devoted mainly to cash- 
grain crops and Hancock County lies in a 
region of the state where livestock and grain 
furnish the principal income. The farming 
practices in the latter county differ notably 
from those of the others in that hogs are 
often fed in large lots or open fields where 
corn is scattered on the ground. 

Effect of food habits —The food habits of 
the doves taken in the four counties reflected 
the soil types, soil fertility, and local farming 
practices. Wheat, seeds of foxtail grass, and 
various weeds were the principal foods eaten 
in Cook County. Doves taken in Champaign 
County had similar food habits, although 
corm was a more important item of diet. 
Weed seeds formed the chief diet of doves 
in Mason County, with Croton sp., appropri- 
ately named “dove weed,” being a charac- 
teristic food. Corn was a relatively unim- 
portant food. In Hancock County, all of the 
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doves collected in 1952 were shot in th 
vicinity of hog-lots or in flight in late after 
noon enroute from hog-lots to hedgerow 
roosts. With few exceptions, the cro 
these birds contained chiefly corn. In 1953 
part of the collection was comprised of “hog. 
lot doves,” but the larger part consisted of 
doves that were literally fleeing southwar) 
with the advance of a cold front that broke 
a long hot spell. While the majority of these 
latter doves had empty crops, the distance 
they had flown prior to the time of collection 
(4:00-6:00 p.m.) was unknown. A numbe 
of doves were also shot at a hog-lot. The 
mixed character of the 1953 collection was 
reflected in the weights (and fatness) of the 
individuals, both unusually light and excep. 
tionally heavy birds being taken (Tables | 
and 2). John C. Oberheu, Cooperative Wild. 
life Research Laboratory, Southern Illinois 
University, who made a detailed study of 
the 1952-54 crops collected in Champaign, 
Mason, and Hancock counties, kindly pro. 
vided us with information on the six ranking 
foods, based on frequency of occurrence 
and volume (Table 5). 

Considered on the basis of the volumetric 
percentage of cultivated foods found in the 
dove crops, the correlation of foods with 
body weight and amounts of body fat is 
particularly good. Analyses by Mr. Ober. 
heu showed that in Hancock County 89 per 
cent of the food by volume consisted of cul- 
tivated species, as compared with 51 per 
cent in Champaign County and only 38 per 
cent in Mason County. 

The fatness of the Hancock County birds 
collected in 1952 and part of 1953 was so 
marked and atypical of populations sampled 
elsewhere in the state that it was deemed 
desirable to examine immature doves from 
this county again in 1954 and 1955. In these 


TaBLE 5.— Tue Srx RANKING Foops or MourninGc Doves IN THREE COUNTIES IN ILLINoIs, 1948-53 











Rank Champaign County Mason County Hancock County 

1 Foxtail grass (Setaria) Foxtail grass ( Setaria) Corn (Zea mays) 

2 Wheat (Triticum aestivum ) Croton (Croton) Foxtail grass (Setaria) 

3 Corn (Zea mays) Crab-grass ( Digitaria ) Wheat ( Triticum aestivum) 
4 Spurges ( Euphorbia) Wheat (Triticum aestivum) — Crab-grass ( Digitaria) 

5 Crab-grass ( Digitaria) Panic-grass (Panicum ) Spurges (Euphorbia) 

6 Panic-grass (Panicum) Lesser ragweed (Ambrosia Panic-grass (Panicum) 


artemisiifolia ) 
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seasons, smaller collections were made by 
“pass shooting” carried out in an area away 
from hog-lots. These doves had fed almost 
exclusively on the seeds of foxtail grass 
(Setaria sp. ) and were found to be similar 
in fatness to doves collected in Cook and 
Champaign counties. 

Lack of fatness in mourning doves may be 
related not only to poor soils but also the 
kind and nutritive value of foods eaten. 
Unusual fatness in immature doves also ap- 

ars to be a regional phenomenon to the 
extent that locally feeding segments of a 

pulation develop a specific food habit as 
a result of local agricultural practices. Ac- 
cording to George C. Arthur, a resident of 
Hancock County, each year flocks of doves 
establish the habit of feeding in hog-lots at 
least several weeks in advance of the hunt- 
ing season. Having an abundance of fatten- 
ing food and little inducement to seek food 
elsewhere or to migrate, these “baited,” local 
populations would be capable of putting on 
fat at a faster rate than doves in migration. 
Elsewhere in the state, dove flocks in late 
summer shift about locally, following the 
harvest of small grains and the seeding of 
winter grain crops. 

The rate of gain of fat shown by immature 
doves from Cook and Champaign counties, 
where the doves have generalized feeding 
habits, is believed to be representative of 
that of the greater bulk of the immature 
dove population in Illinois in September. 
This opinion is also based on the degree of 
fatness of doves in Hancock County that 
were not dependent on hog-lot corn and a 
small collection of doves from southern IIli- 
nois. The extreme low and high gains of fat 
of doves from Mason and Hancock counties, 
where local situations are reflected, are not 
regarded as typical of the Illinois population 
as a whole. 

The inability of immature doves from 
Cook and Champaign counties to gain fat 
in the period between the molt of the second 
and fourth primaries (Fig. 6) is believed to 
reflect the stress of rapid growth at these 
ages. Data plotted for some years show a 
distinct trough in the rate of gain of fat dur- 
ing the molt of the third primary. Study of 
a series of skins and notes on plumage taken 
at autopsy showed that the molt of the body 
feathers begins at the time of molt of the 
second primary wing feathers, is at its height 


during the molt of the third, and is essen- 
tially complete by the time of the molt of the 
fifth wing primary. The rate of gain in total 
body weight also drops during the body 
molt, and this is believed to be a direct ex- 
pression of this stress, as the molt of body 
feathers is undoubtedly accompanied by 
an accelerated rate of loss of heat. The re- 
placement of the feathers is also an energy- 
demanding process of considerable magni- 
tude. These two factors, which possibly also 
result in a higher metabolic rate at this 
period, are regarded as sufficient to explain 
the drop in the rate of body weight and 
body fat gain during the body molt. Studies 
of poultry have shown that the metabolic 
rate of hens during the molt is increased 
about 50 per cent (Sturkie, 1954, p.147). 
Richdale (1947) has pointed out that a 
number of species are known to lose weight 
during the molt whereas others do not. Cap- 
tive Canada geese (Branta canadensis in- 
terior) lost weight during the period of re- 
growth of the wing feathers (Hanson, un- 
published ). 

Fat deposition and migration—The role 
of deposition of fat in relation to migration 
has been clarified and emphasized by Wolf- 
son (1942, 1945, and 1954) and later by 
Blanchard and Erickson (1949), Odum and 
Perkinson (1951), and others. From his 
studies on juncos (Junco oreganus), Wolfson 
(1942, 1945: 112) maintains that “deposition 
of fat precedes migration and that without 
this ‘preparation’ migration is usually not 
undertaken.” He believes (1945:122) that 
it is “best to regard fat deposition as a pri- 
mary part of a general, metabolic internal 
stimulus and as an excellent indicator of 
readiness to migrate.” 

Our findings indicate that in most areas 
of the state doves do not put on appreciable 
quantities of fat (No. 3 or “fat”) until the 
molt of the fifth wing primary (Fig. 8). Al- 
though perhaps many of the doves shot prior 
to this molt stage were resident birds, it 
would appear from findings at hand that 
many young doves begin their southward 
journey before putting on much fat. The ap- 
parently leisurely movements of doves at the 
beginning of their migration in late summer 
when the weather is warm and when food 
supplies are abundant suggest that they do 
not have an initial need for a large fat re- 
serve, although, where high-quality foods 
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are available in abundance (in regions such 
as Hancock County), they are capable of 
putting on large amounts of fat even at an 
early age and stage of growth. 

Without exceptions, the doves collected 
in Mason County carried little or no body 
fat. These doves would have almost neces- 
sarily migrated before being able to put on 
body fat, as the great majority of the doves 
in this region leave by mid-September. On 
the other hand, many doves in some areas of 
Hancock County leave for the south with 
considerable fat. It might be argued that a 
larger percentage of the doves shot in Han- 
cock County are migrants already physio- 
logically ready for fat deposition. Refuta- 
tion of this hypothesis is suggested by dif- 
ferences between (a) the fat data for Han- 
cock County doves for the years 1952 and 
1953 (Fig. 5) and the smaller collections 
made in 1954 and 1955, and (b) the finding 
that doves collected in other areas of the 
state did not put on appreciable amounts of 
fat until the molt of their fifth primary. 


Body Fat in Adult Doves 


The preceding discussion has referred to 
immature doves. Adult doves collected in 
September seldom carry large amounts of 
fat regardless of area of origin. Few indi- 
viduals rated higher than “fat” on the Mc- 
Cabe scale. The average fat scale of 266 
adults was 2.8. No difference was found in 
average fat values between adults with de- 
veloped crops and those with crop pads 
showing no development. 


Utilization of Energy in Doves 


Kendeigh (1949) has advanced the con- 
cept that “birds make the most efficient use 
of their productive energy by the spacing 
of their major activities so that they do not 
occur simultaneously or seriously overlap. . . 
One activity does not ordinarily begin until 
the previous one is completed ....” However, 
such spacing of major energy-demanding 
activities is not clear-cut in doves. Young 
doves collected in September in various 
stages of molt may or may not carry appre- 
ciable amounts of body fat, apparently de- 
pending largely on the kinds of food availa- 
ble. The complete molt undergone by young 
doves soon after leaving the nest may par- 
tially explain the relatively long time re- 


quired for them to reach adult weight 
Furthermore, adult doves complete their 
nesting cycle while in the molt and initia, 
migration while in the latter stages of the 
molt; this is indicated by the fact that, o 
the adult wild doves autopsied by us found 
to be in breeding condition or with a de. 
veloped crop, none had molted more than 
the seventh primary. This has also been sup. 
ported by the recovery of dyed feathers from 
our breeding captive doves. Most adult 
showing a developed crop pad were in the 
process of replacing the sixth primary, Be. 
cause considerable energy is used for molt 
part of which occurs during the migration 
period and part, in adults, during nesting 
doves do not appear to have the physio. 
logical efficiency of higher types of birds 


Stimulus for Migration 


We have repeatedly noted that, whereas 
doves are relatively tame during most of the 
spring and summer, they begin to exhibit 
a restlessness and wildness when they gather 
into flocks in late summer. The restlessness 
of dove flocks in late summer is here con- 
strued as an outward manifestation that the 
birds are in “Zugdisposition,” i.e., in the 
physiological state of readiness to migrate 
(Farner, 1950; Eyster, 1954) during which 
period an external stimulus is needed to set 
migration in motion. The sensitivity of 
mourning doves to temperature changes in 
the autumn, as shown by the timing of their 
movements, underlies the importance of 
sharp changes of temperature as an imme- 
diate stimulating factor in this species. 


SUMMARY AND CONCLUSIONS 


The average age and the frequency of 
molt-age classes of immature doves varied 
in collections from different regions of Ill:- 
nois. Greatest average differences in age 
were found between collections of doves 
from east-west stations (Champaign—Mason 
—Hancock counties); less important differ- 
ences existed in the age of immature doves 
from two stations lying approximately di- 
rectly north and south of each other (Chan- 
paign—Cook counties ). 

Roadside counts and age of immature 
doves by region indicated a gradual exodus 
of the young from their home sites after they 
attain the age of five or six weeks. The age 
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differences in doves between stations sug- 
gested that the late-summer movements over 
a large part of the state might tend to be 
somewhat southwestward, following the 
tributaries and river valleys. Differences in 
the average dates of nesting between locali- 
ties were not adequate to account for re- 
gional differences in the age of late summer 
flocks. ; = 

Male mourning doves averaged signifi- 
cantly heavier in weight than females from 
at least several days prior to the loss of their 
first primary feathers in the postjuvenal molt 
through adult life. 

A change in the rate of gain in body 
weight and gains in body fat during post- 
juvenile life appears to be associated with 
molting. This change was most pronounced 
in the period between the replacement of 
the second and fourth primary. 

Correlations were found between regional 
differences in the rates of gain in body fat 
in immature doves and regional farming 
practices, soil fertility, and food habits. 

Great gains of fat in mourning doves were 
associated with fertile soils and the availa- 
bility of corn; low fat gains were associated 
with infertile, sandy soils, and a dependence 
on seeds of noxious weeds and native plants. 

Adult doves collected in September usual- 
ly carried only small or moderate amounts 
of body fat. 

No consistent relationship was apparent 
between the amount of body fat, age, and 
migratory habits. 
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CONCLUSIONS FROM A TEN-YEAR CREEL CENSUS ON 
A LAKE WITH NO ANGLING RESTRICTIONS 


Warren Churchill 


Wisconsin Conservation Department, Woodruff 


The last 15 years have seen drastic 
changes in the attitude of those responsible 
for fish management toward fishing regula- 
tions. During this period, restrictions on 
the capture of pan fish have been greatly 
relaxed or abolished altogether in many 
states. In the case of game fish, liberaliza- 
tion has been much slower. Ohio has suc- 
cessfully abandoned most restrictions on 
hook-and-line fishing, and a few other states 
have liberalized their regulations, but most 
states are still moving cautiously, if at all, 
in this direction. 

In 1946, Wisconsin established an experi- 
mental area to study the effect of liberalized 
fishing on both game and pan fish (Wag- 
goner and Oehmcke, 1949). Escanaba Lake 
is one of five lakes included in this area. 
These lakes were selected because they are 
typical of the different types of lakes found 
in northeastern Wisconsin and because their 
location favors control of anglers by a permit 
system. 

There are no restrictions on hook-and-line 
fishing for any species of fish. The angler 
is allowed to keep everything he can catch. 
A compulsory permit system, similar to that 
used by Bennett (1954) and Starrett and 
McNeil (1952) is in effect. Each fisherman 
is required to obtain a permit, which is 
issued free at a checking station located at 
the only landing on the lake. He is also re- 
quired to return the permit at the conclusion 
of fishing, and to exhibit his catch to an at- 
tendant at the station. In this way, a com- 
plete record of the harvest is kept, and other 
information is collected as desired. 

Until 1953, permits for ice fishing were 
issued and returned at the Trout Lake 
Forestry Headquarters, about 3 miles from 
the lake. During evenings and on holidays 
no one was on duty; and as anglers were 
required to report their own fish, it is possi- 
ble that some catches were not recorded. 
The error thus introduced is probably small. 
Reported ice fishing for this period con- 
stituted 7 per cent of total reported fishing 
effort and accounted for about 5 per cent of 
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the total walleye catch and 26 per cent of 
the perch. Failure to report by, for example 
20 per cent of the ice fishermen, would re. 
sult in errors of about 1 and 5 per cent 
respectively, in the total harvest of walleye 
and perch. 

Escanaba Lake is one of the better fish. 
ing lakes in northeastern Wisconsin. It 
covers an area of 293 acres and has a maxi- 
mum depth of 25 feet. Shore line and bot- 
tom contour are irregular, and there are 
several small islands with rocky bars and 
shoals. An inlet and outlet are present at 
high-water stages, but free migration of fish 
is seldom possible. The water has a total 
alkalinity of about 25 p.p.m. and is fairly 
fertile for this area, developing a plankton 
bloom every summer. Submerged and emer- 
gent vegetation is moderately abundant. 

The game fish species found in abundance 
include yellow walleye (Stizostedion vit- 
reum vitreum), muskellunge (Esox mas- 
quinongy ), smallmouth bass (Micropterus 
dolomieui ), largemouth bass (M. salmoides), 
yellow perch (Perca flavescens), rock bass 
(Ambloplites rupestris), bluegill ( Lepomis 
macrochirus), and pumpkinseed (L. gib- 
bosus). In addition, black crappies (Pomoxis 
nigromaculatus) are present in fairly large 
numbers but are poorly represented in the 
anglers’ catches. Black bullheads ( Ictalurus 
melas) and northern pike ( Esox lucius) are 
caught occasionally. White suckers (Cato- 
stomus commersonni) are abundant. Yellow 
walleyes are not native to Escanaba Lake. 
They were introduced by stocking of fry 
prior to 1940. There has been no further 
stocking in this lake at any time except for 
an experimental plant of marked walleye 
fingerling in 1954. 


THE HARVEST 


For the purpose of this report, a fishing 
year is considered to begin with the disap- 
pearance of the ice cover, usually between 
April 15 and 30. Each year consists of a 
season of open-water fishing, and the ice- 
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TaBLE 1.— THe ANGLERS’ HARVEST FOR THE PERIOD 1946 to 1955 INCLUSIVE 








OOOO 





et Annual 
Fishing Year 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 Average 
Total hours fished 9,386 6,295 12,776 19,332 35,862 21,874 25,702 28,862 17,965 23,403 20,146 
Hours per acre 32.2 21.6 43.9 66.4 123.2 75.2 88.3 99.1 61.3 79.9 68.7 


Total fish caught 9,980 7,058 14,049 10,225 7,871 3,740 5,251 8,186 6,409 24,627 9,740 


Fish per acre 34.3 24.3 48.3 35.1 27.0 12.9 18.0 28.1 21.9 84.1 33.2 
Total pounds 3,362 2,624 5,765 5,048 7,821 3,487 5,079 5,037 3,133 8,058 4,941 
Pounds per acre 11.6 9.0 19.8 17.2 26.7 11.9 17.3 17.2 10.7 27.5 16.9 
Fish per hour 1.06 1.12 1.10 0.53 0.22 0.17 0.20 0.28 0.36 1.05 0.48 
Pounds per hour 0.34 0.42 0.45 0.26 0.20 0.16 0.20 0.17 0.17 0.34 0.24 








fishing season immediately following. 

In ten years, 97,396 fish, weighing 49,414 
pounds have been taken from Escanaba 
Lake by anglers (Table 1). Perch made up 
46 per cent of the total number and 28 per 
cent of the total weight. Walleye made up 
32 per cent of the number and 55 per cent of 
the weight. The proportions of perch and 
walleye in the catch have fluctuated over a 
wide range (Table 2). In the first two years 
(1946-47) very few walleyes were taken. 
In 1948 there was a large catch of walleyes, 
mostly of the 1947 year class. Since then, 
this has been the most important species 
by weight, although not always by number 


(Klingbiel, 1953). The catch of perch was 


very high in the first four years. It declined 
over a three-year period to a minimum in 


1952, then increased again to about its origi- 


nal level in 1955. 


Annual fluctuations in the species com- 


position of the harvest have been reported 
from a number of lakes where a creel census 
has been continued for several years. They 
were found in Illinois by Starrett and Mc- 
Neil (1952), in Michigan by Eschmeyer 


(1939), in Missouri by Kathrein (1953), in 


Ohio by Pelton (1950), and in Oklahoma by 
Thompson and Hutson 
changes are commonly attributed to corres- 


(1951). Such 


TABLE 2, — THE YIELD BY SPECIES FOR THE PERIOD 1946 to 1955 INCLUSIVE 








1949 1950 1951 1952 1953 1954 1955 





Fishing year _.. 1946 1947 1948 
Yellow walleye Number 4 47 4,313 
Pounds 12 59 2,179 
Yellow perch Number 8,803 6,121 9,026 
Pounds 2,592 1,958 3,121 
Smallmouth bass Number 635 421 385 
Pounds 314 278 264 
Largemouth bass Number 167 52 53 
Pounds 205 84 65 
Rock bass Number 240 306 224 
Pounds 66 122 70 
Muskellunge Number 14 7 5 
Pounds 91 68 38 
Other species Number 117 104 43 
Pounds 82 55 28 


2,199 5,887 2,243 3,791 4,683 2,292 5,227} 
2,370 6,720 2,732 4,189 3,740 1,714 3,342 


7,028 1,147 753 393 728 2,072 9,006 
2,097 409 349 190 340 488 2,256 


540 191 57 - 156 636 447 329 
185 116 61 113 225 207 164 


62 49 21 90 47 68 146 
183 121 46 118 61 64 106 


235 380 343 366 =1,563 986 1,191 
67 108 109 121 406 343 418 


11 34 21 52 20 14 7 
74 257 85 200 133 117 32 


150 183 302 403 507 530 8,721 
72 90 105 148 132 200 1,740 





Includes 1,754 walleye stocked as fingerling in 1954 
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ponding changes in population density re- 
sulting from unequal year classes. Thomp- 
son (1941) describes a situation where a 
large year class of crappies established a 
cycle of abundance and imposed it on other 
species. In Escanaba Lake, the sudden in- 
crease in the walleye catch in 1948 can be 
traced directly to a single large year class 
hatched in 1947. On the other hand, subse- 
quent fluctuations in the size of the annual 
walleye harvest were not associated with 
the appearance of large year classes and 
could hardly reflect changes in population 
density. The decline and rise of the perch 
harvest may have been due to changes in 
abundance, but there is no evidence on this 
point. Manges (1951) has shown that the 
species composition of the catch may be 
affected more by fishing techniques than by 
relative abundance. 

Fishing success has varied from 1.1 fish 
per hour in the first three years to a low of 
0.17 fish per hour in 1951 and back to 1.0 in 
1955. These fluctuations follow the catches 
of pan fish, especially perch, and are related 
to changes in species composition rather than 
to productivity. The catch in terms of 
pounds per hour of fishing has been less 
variable, ranging from 0.16 to 0.45. 

News spreads rapidly among the fishing 
fraternity, and anglers tend to go where the 
fish are biting. In a region where good fish- 
ing lakes are numerous, fishing pressure on 
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any lake is a reflection of the anglers’ eg 
mate of fish: .¢ quality. In the case of Ry 
canaba Lake, tuis estimate seems to be cop. 
cerned only with walleyes. The large perd, 
catches of the early years attracted only 
moderate fishing pressure. The appearange 
of a new walleye population brought op , 
great increase in fishing from 1948 to 195 
although the quality of fishing as describe; 
by the number of fish caught per hour de. 
clined steadily during this period (Table |) 
This preference for walleyes is clearly 
illustrated by a comparison of summer and 
winter fishing in the fishing years 1954 and 
1955. Summer fishing for walleyes was rela. 
tively poor in both years. In 1955, record 
catches of perch and pumpkinseed raised the 
over-all fishing success to 1.36 fish per hour 
This all-time high for summer fishing sue. 
cess did not lead to any increase in fishing 
pressure so long as walleye fishing did not 
improve. But when the walleyes started ty 
bite in the winter of 1955-56, word spread 
rapidly, and ice-fishing pressure for this 
year was more than twice that of any pre. 
vious year. Over-all fishing success was 
only slightly greater than in the winter be- 
fore (Table 3). The attraction lay in the 
fact that these fish were walleyes, even 
though almost half of them were two-year 
fish averaging about 10 inches in length. 
Winter fishing yielded only perch and 
walleyes in significant numbers. In the first 


TABLE 3.— COMPARISON OF SUMMER AND WINTER FISHING FOR THE YEARS 1946-55 INcLUsIvE 

















Hours of Fishing" "Walleyes "Perch Other Species —CAl Bpeclesh. 
Year Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter 
1946 6,254 3,132 2 2 3,449 5,354 1,170 3 0.74 171 
1947 5,677 618 38 9 5,287 834 888 2 1.09 1.37 
1948 9,403 3,373 4,003 310 4,229 4,797 691 19 0.95 1.52 
1949 17,562 1,770 1,930 269 6,256 772 995 3 0.52 0.59 
1950 35,166 696 5,716 171 1,140 7 837 0 0.22 0.26 
1951 19,740 2,134 1,867 376 644 109 735 9 0.16 0.23 
1952 23,483 2,219 3,350 441 373 20 1,062 5 0.20 0.21 
1953 25,255 3,607 3,783 900 705 23 2,764 9 0.29 0.26 
1954 15,495 2,470 1,938 354 1,421 651 2,029 16 0.35 0.41 
1955 15,348 8,055 1,747 3,480 8,791 215 10,364 30 1.36 0.46 
Totals 173,383 28,254 24,374 32,295 12,782 
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Fic. 1. Seasonal variation in fishing intensity and fishing success calculated by weeks. Each point on 

the curves for fishing success represents the total number of fish caught in the same week for ten years 

divided by the total number of hours of fishing effort in the same week for ten years. All curves athe 

been smoothed by a moving average of 3. The shaded area in the walleye curve represents the close 
season on walleye in northern Wisconsin. 





JOURNAL OF WILDLIFE MANAGEMENT, VoL. 21, No. 2, Apri 1957 


TABLE 4, — FisHING REGULATIONS IN WISCONSIN 1946-53 








Species 


Closed Season 


Minimum Size Daily Bag Limit 





Yellow walleye 

Large and smallmouth bass 
Muskellunge 

Pan fish: 1946-49 

1950-53 


Jan. 16-Apr.20 


Pan fish: none* 


Jan. 16-May 15 
Jan. 16-June 19 
Nov. 2?-May 24 


13 in. S 
10 in. is 
30 in. 1 
none 25 each species! 


none 25 each species 





1Bag limit of 7, 1946-48 
2Jan. 16 in 1946-48 


three years, when the yellow perch was the 
dominant species, fishing success was notice- 
ably higher in winter than in summer. In 
subsequent years, success was more uniform 
and in 1955 for the first time, summer fish- 
ing was more successful than winter, due 
to large summer catches of perch and 
centrarchids, followed by a very low winter 
perch harvest. The year 1955 was also the 
first period in which the winter catch of 
walleyes exceeded or even approached that 
of the preceding summer. It must be noted 
that 40 per cent of the winter catch was com- 
posed of fish stocked in 1954, but even the 
catch of native walleyes exceeded the sum- 
mer total. This increased winter catch of 
native walleyes was composed of individuals 
from several year classes that were available 
to anglers the previous summer. It was not 
the result of the entrance of a strong year 
class into the fishery. Similarly, the low 
winter catch of perch was not due to a low 
population, since large catches were made 
in both the preceding and following sum- 
mers. The reason for the apparent change in 
habits of the two species is not known. 
Since Escanaba Lake is located in vaca- 
tion country with a small permanent human 
population, summer fishing pressure is al- 
ways much higher than winter, regardless 
of relative success (Fig. 1). The lower suc- 
cess rate in summer may be due, in part, to 
the large proportion of inexperienced fisher- 
men. Winter anglers are mostly natives fa- 
miliar with the lake. However, there are 
certain seasonal fluctuations in the success 
that can be attributed to varying vulnera- 
bility of one or two species. The most notice- 
able of these fluctuations is a brief period 
of very high success for perch in early winter. 
This is apparent even in years when the total 
perch catch is low. Both perch and walleye 
have a short season of low vulnerability in 


No bag limit on perch 1946-49 
‘Closed season March 16 to April 28, 1950 


early summer, but the periods for the two 
species do not coincide. The records aly 
seem to show a short and sudden increase 
in vulnerability of walleye in late fall. How. 
ever, fishing pressure at this time is so low 
that the validity of this feature must be 
questioned. 

The factors responsible for seasonal 
changes in the catchability of fish are not 
known. Christensen (1953), studying 1] 
lakes in Michigan with apparently similar 
populations, found that fishing success was 
higher in winter on some lakes and higher 
in summer on others. Moyle and Franklin 
(1953, 1954, 1955) found similar disagree. 
ment in a series of lakes in Minnesota. Haz. 
zard and Eschmeyer (1937) reported that 
the catch per hour was much lower in winter 
than in summer on Michigan lakes where 
intensive creel censuses were conducted, 
The general creel census for the same year 
showed almost equal rates of success for 
summer and winter fishing in the entire 
state. 


EFFECT OF REGULATIONS 


The harvest discussed above was taken 
in the absence of restrictions on hook-and- 
line fishing. If the regulations that were 
in effect throughout the state during these 
years (Table 4) had been in force on Es- 
canaba Lake, the catch of game fish would 
have been reduced by well over 50 per cent. 

Analysis of the unrestricted catch shows 
that the effect of regulations is quite similar 
on the catch of both yellow walleye and 
smallmouth bass. Table 5 shows the redue- 
tion in the harvest that would have been 
brought about by each of these regulations 
in terms of percentage of the actual catch. 
Of the three restrictions considered here, 
the size limit has the greatest effect on the 
number of fish taken, reducing the catch 
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TaBLE 5. — ESTIMATED EFFECT OF ASSUMED REGULATIONS ON THE CATCH OF YELLOW WALLEYE AND 
SMALLMOuTH Bass 1947-53 INcLUsIVE 















Estimated Percentage Reduction from Actual Catch? 

















assumed regulations Number eae ue Weight 
——— 

Bag limit only 13 9 8 6 
Closed season only 16 18 6 7 
Minimum-size limit 39 18 61 a1 
Closed season and bag limit 27 25 14 12 
Minimum size and bag limits 42 23 62 33 
Minimum size and closed season 51 34 64 36 
Minimum size, bag limit, and closed season 54 37 65 39 












1The actual catch with no restrictions was 23,116 walleye weighing 21,930 pounds and 3,021 smallmouth weighing 






1,556 pounds. 









by more than the bag and season limits com- size records are available for the 14 taken 
bined. The reduction of the catch by com- in 1946, but 102 (68 per cent) of the others 
bined restrictions on size and bag limits is _ were less than the legal length of 30 inches. 
only slightly greater than that effected by There is no record of anyone’s taking more 
the size limit alone, since most large catches than one muskellunge in one day, but a 
of walleyes and smallmouth bass were made _ combined size limit and closed season would 
up of small fish. The effect of the closed have reduced the catch by 75 per cent. 
season, on the other hand, is largely inde- There is currently no size or season limit 
pendent of the other two restrictions. If on pan fish in Wisconsin, and the bag limit 
size limit and closed seasons are in effect, is 25 of each species. Relatively few catches 
a bag limit affords little additional protec- from Escanaba Lake have exceeded this 
tion. number. A bag limit of 25 on yellow perch 
The hypothetical effect of regulations on would have reduced the catch in the first 
the muskellunge catch is comparable to that few years by not more than 10 per cent. 
on yellow walleye and smallmouth bass. Of The effect of a minimum-size limit wil] 
164 muskellunge caught in eight years, 24 vary greatly from year to year, depending 
(15 per cent) were taken out of season. No on the population structure. For example, 






















TaBLE 6.— THE CATCH OF YELLOW WALLEYE AND SMALLMOUTH Bass THAT WovuLp HAvE BEEN 
ILLEGAL UNDER STATE-WIDE REGULATIONS 



















1950 1951 1952 1953 






1949 





1947 





1948 





Fishing year 











Yellow walleye 








Total number in catch — 4,313 2,199 5,887 2,243 3,791 4,683 
Per cent of catch 
Under 13 inches long — 73 31 16 17 32 56 
Taken in excess of 5 per person — 29 9 9 6 7 12 
Taken during closed season —: 7 19 3 37 22 22 













Smallmouth bass 






Total number in catch 421 385 540 191 57 156 636 
Per cent of catch 
Under 10 inches long 37 53 72 33 7 68 84 
Taken in excess of 5 per person 0 2 20 0 0 12 10 
Taken during closed season 5 5 4 8 9 6 8 
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the percentage of a year’s catch that would 
have been below legal size elsewhere in 
Wisconsin varied from 16 to 73 for walleyes 
and from 7 to 84 for smallmouth bass (Table 
6). This percentage is highest in those years 
in which a large year class is approaching 
the legal size. Since they consist mostly of 
small fish, catches in excess of the state-wide 
limit are highest in the same years. 

Because of the seasonal variation in fish- 
ing pressure already described, the record of 
Escanaba Lake cannot be considered to 
give a complete picture of the effect of the 
closed season. Fishing success for walleyes 
during the period of this closed season is 
greater than at most times in the open sea- 
son. In addition, fishing pressure on Es- 
canaba Lake at this time is relatively low 
because of its remote location. If the lake 
were located near a center of population, it 
would probably attract heavy fishing pres- 
sure, resulting in a large harvest during the 
elsewhere-closed season. 

After ten years of unrestricted fishing, 
there is no evidence of damage to the fish 
population of Escanaba Lake (Oehmcke 
and Waggoner 1956). There have been 
great variations in the size of the harvest, 
but no consistent trend that could be inter- 
preted as depletion. Similarly, the changes 
in species composition have not been con- 
sistent enough to suggest any permanent 
change in the population structure. It is 
believed that the population can maintain 
itself indefinitely under existing fishing con- 
ditions. 


SUMMARY 


In Wisconsin, Escanaba Lake has been 
under experimental management since 1946, 
with no restrictions on hook-and-line fishing 
for any species. A complete record of the 
harvest is kept, and other information is 
collected by means of a compulsory permit 
system. In ten years, 97,387 fish weighing 
49,414 pounds have been harvested. Perch 
and walleye together made up about 80 per 
cent of the catch, but the proportions of the 
two species in the catch have varied greatly 
from year to year. Fishing success has varied 
from 0.17 to 1.1 fish per hour. Fishing re- 
strictions in effect elsewhere in Wisconsin 
would have reduced the 10-year catch of 
game fish by more than 50 per cent. Mini- 
mum size limits would have had more effect 


than bag and season limits. There is no 
evidence of depletion after ten years of Un- 
restricted fishing. 
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MULE DEER AND ELK FOOD HABITS ON THE 
NATIONAL BISON RANGE” 


Melvin S. Morris and John E. Schwartz 


Montana State University, Missoula, and U.S. Fish and Wildlife Service, Moiese, Montana 


The reduction program of surplus elk and 
mule deer on the National Bison Range in 
western Montana in 1951 and 1952 provided 
an opportunity to determine the relative 
food habits of these two game species (Cer- 
sus canadensis and Odocoileus hemionus ) 
on a range that is predominantly grassland. 

The Pauline pasture was selected as a 
source of animals. It is 5,566 acres in size. It 
contains the principal forage species and 
plant-cover types of the Bison Range and is 
accessible throughout the year. Fig. 1 illus- 
trates the extent and distribution of the main 
cover types. The grassland consists largely 
of Palouse Prairie vegetation, with blue- 
bunch wheatgrass (Agropyron spicatum) 
as the principal species. The forested portion 
of the pasture is predominantly Douglas-fir 
(Pseudotsuga menziesii [P. taxifolia]) on 
northern exposures and ponderosa pine 
(Pinus ponderosa) on the southern expos- 
ures. Swales and drainage courses contain 
snowberry (Symphoricarpos occidentalis) 
and hawthorn (Crataegus douglasii ). Rocky 
outcrops and stony areas give rise to scat- 
tered stands of chokecherry (Prunus demis- 
sa), serviceberry (Amelanchier alnifolia), 
and mockorange (Philadelphus lewisii). 
Rocky Mountain maple (Acer glabrum) is 
commonly found as an understory species 
in the forest type. Ninebark (Physocarpus 
malvaceus ) is abundant at the margins of 
the Douglas-fir type. Fig. 2 shows the ar- 
rangement of types relative to the topog- 
raphy of the pasture. 


METHODs AND RESULTS 


Data were secured on the botanical char- 
acteristics of the range, plant development, 
snow conditions, and other meteorological 
information, in addition to the stomach sam- 
ples of deer and elk. The study extended 


‘Contribution from the Montana Cooperative 
Wildlife Research Unit; U.S. Fish and Wildlife 
Service, Montana State Fish and Game Department, 
Montana State University, and Wildlife Manage- 
ment Institute cooperating. 


over the period from November 1951 to mid- 
November 1952. 

Data on the botanical characteristics of the 
food supply were secured by determining 
the density and percentage of composition 
on sample plots, each containing 100 square 
feet and located at two-chain intervals along 
traverse lines through each subtype. These 
data were weighted by type acreage, aggre- 
gated for the pasture as a whole and were 
then converted to a weighted percentage of 
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Fic. 1. Plant cover types in the Pauline pasture 
study area showing amount and distribution of major 
forage types. 
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Fic. 2. View of Pauline pasture. Palouse Prairie and Montane Forest are the principal vegetation zones 
of the study area. 


the vegetation of the entire pasture. While 
this does not represent the relative volumes 
of herbage contributed by each species to 
the available forage supply, it is indicative 
of the character of the food available. This 
information is contained in Table 1. Grasses 
make up approximately 79 per cent of the 


TABLE 1. — BOTANICAL COMPOSITION OF THE VEGET A’ 


£ 


botanical composition of the vegetation, 
while herbs and shrubs make up 7 and ]4 
per cent, respectively. 

Weather records were secured from the 
station located at the range headquarter, 
which is near the north end of Pauline pas. 
ture. Observations on snow conditions and 


TION IN PAULINE PASTURE, NATIONAL BIsON Rancz 








Grasses Forbs Shrubs 





Per cent 


Per cent Per cent 


Agropyron spicatum 27.6 Balsamorhiza sagittata ’ Philadelphus lewisii 26 


Bromus tectorum 12.0 Achillea lanulosa’ 
Festuca idahoensis 9.6 Pentstemon sp. 
Poa secunda 9. Lupinus sp. 
Aristida longiseta . Aster sp. 

Festuca scabrella , Arnica sp. 
Calamagrostis rubescens 

Koeleria cristata 

Poa pratensis 

Stipa comata 

Elymus cinereus 


Total 78.9 Total 


Acer glabrum 
Artemisia frigida 
Amelanchier alnifolia 
Physocarpus malvaceus 
Artemisia dracunculus 
Prunus demissa 
Ribes cereum 
Arctostaphylos uva-ursi 
Symphoricarpos 
occidentalis 


Total 





1 Same as Achillea millefolium ssp. lanulosa 
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__ ENVIRONMENTAL CONDITIONS ON NATIONAL BISON RANGE THROUGH PERIOD OF Stupy, 

















2. 
onal NOVEMBER 1951—NovEMBER 1952 
——_—_ Meteorological Data 
P Temperature (°F.) Condition and Availability of Forage 
now- at the Time of Sampling 
i fall M M 

Month i Cin.) Max. Min. Average 

Nov. 0.42 4.0 43 23 33 Nov. 9. Herbage mature, some green cheatgrass, 

; all forage available. No snow. 

Dec. 1.32 25.0 31 13 22 

Jan. 0.42 7.5 30 9 20 Jan. 1. Grasses and some herbs available along 
edges of surface rock. Deep snow, crusted. 

Feb. 0.45 8.0 40 18 29 Feb. 8. Bluebunch wheatgrass with 1-3 inches of 
green growth at base of plants. Cheat- 
grass green. South slopes open. Open 
spots on north shopes. 

Mar. 0.25 3.0 47 23 35 Mar. 7. Herbage as above. All southerly exposures 
open. Open spots on north slopes. 

Apr. 0.03 — 67 29 48 Apr. 4. Shrubs budded out. Grasses show 2-5 
inches of new growth. Balsamroot leaves 
up 3 inches. Snow gone except under 
trees. 

May 1.86 = 69 4] 55 May 5. Currants in full bloom, mockorange leafed 
out. Balsamroot in full bloom. Sandberg 
bluegrass headed out on south slopes. 

June 2.45 ~_ 78 45 55 June 6. Balsamroot through blooming. Cheat- 
grass red on south slopes. Bluebunch 
wheatgrass headed out. 

July 0.18 -- 85 46 66 July 3. Seed heads mature on bluebunch wheat- 
grass, leaves green. 

Aug. 0.53 — 85 47 66 Aug. 29. Bluebunch wheatgrass stems and leaves 
brown on south slopes. Shrubs with green 
leaves. 

Sept. 0.52 _ 79 4l 61 

Oct. 0.07 _ 67 27 47 Oct. 3. No fall green up of grass. Leaves still on 
shrubs. 

Nov. 0.60 0.8 44 21 33 Nov. 14. No green feed on grasses or forbs. Leaves 


mostly gone from shrubs. 





herbage development and condition were 
obtained on most of the dates when stomach 
samples were secured. Snow depth, snow 
crust, and greenness of herbage were con- 
sidered as possible contributing factors af- 
fecting forage use. Table 2 contains a sum- 
mary of this information. For the most part, 
meteorological conditions were normal for 
the period of the study. The following ob- 
servations are considered to be significant. 
There was a fall “green up” of grasses in 
1951, but not in 1952. Snow in December 
was such as to make much of the low herb- 
age less available to animals. The lowest 
temperatures were recorded during January 
and December. Sampling on January 1 was 





undertaken on one of the coldest days of the 
year. 

Analysis of stomach samples was used as 
the sole means of determining the use of 
herbage, as the range was used concurrently 
by deer, elk, and bison (Bison bison), and 
all three were found feeding in all the cover 
types. Stomach samples were taken at ap- 
proximately monthly intervals from Novem- 
ber 1951, to November 1952. However, the 
first samples from elk were not taken until 
December. Four deer and two elk were 
taken each month. A period of 57 days in- 
tervened between the July 3 and August 29 
sampling. No samples were taken in Sep- 
tember. The July 3 sample consisted of only 
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two deer and one elk. For comparison, addi- 
tional samples of elk were obtained by the 
Montana Fish and Game Department, two 
from the upper Blackfoot Valley and two 
from the Sun River elk winter range. These 
were secured on the same date as the last 
sampling on the Bison Range. All samples 
were treated with a 10 per cent formalin sol- 
ution and then washed in fine-mesh bags. 
They were stored until the end of the samp- 
ling period. The volumetric-percentage an- 
alysis of the samples was carried out by 
Howard Leach and C. M. Ferrel in the lab- 
oratory of the California Game and Fish 
Department. 

In Table 3, the data represent the average 
of the samples for each collecting date. The 
volumetric percentage for each forage class 
varied more for deer from month to month 
than it did for elk. The elk samples were 
uniform in the amount of grass contained 
from month to month. The August elk 
samples contained a considerable amount 
of forbs and somewhat significant amounts 
in June and July. 

The deer samples exhibit some interest- 
ing characteristics. One usually expects to 
find considerable grass in the diet of deer in 
the spring months (Dasmann, 1949). Our 
data indicate that the November and De- 
cember consumption of grass was also high, 
while unexpectedly low for shrubs. Conifers 
made up the principal food element of the 
January deer samples, being 74 per cent of 
the volume. Deciduous shrubs usually are 
considered to be characteristic of mule deer 
diets, and in the samples taken, shrubs made 
up a sizable portion of the volume. This was 


particularly true of the August 3 d 
the shrub class averaged 60 per cota ‘ 
volume. ” 
While the data presented are groy d 
into grasses, forbs, shrubs, and conifers th 
original records indicate some selectivity tf 
species. Balsamroot (Balsamorhiza sagit. 
tata) appears in individual deer samples a 
all periods of the year. One deer stomag 
sample on June 6 contained 35 per cent hal. 
samroot. Bull-thistle (Cirsium sp.) was 
found in several samples and made up 65 per 
cent of the volume of a deer sample on No. 
vember 11. Fringed sagebrush ( Artemisia 
frigida), a common evergreen half-shryb 
found at lower elevations and on some 
southern exposures, made up 10 per cent of 
the volume in one November and one Feb. 
ruary sample. Golden aster (Chrysopsis pj). 
losa), while not of sufficient abundance to 
make up a significant portion of the plot 
data, was used heavily. It appeared in the 
deer samples of August, October, and No. 
vember. One August sample was 90 per 
cent golden aster; an October sample, 92. 
Snowberry and chokecherry were the two 
principal deciduous shrubs found in the 
samples. They were abundant in the spring 
and summer samples. A deer sample in May 
contained 40 per cent chokecherry. In one 
August deer sample, 90 per cent was snov- 
berry. Leaves appeared to be the main por- 
tion of the plant taken. Very little pine was 
found in the samples. Douglas-fir appeared 
in the December, January, and Februay 
samples. As Table 3 shows, conifers made 
up 74.2 per cent of the volume in January 
and this was exclusively Douglas-fir. The 


TABLE 3. — HERBAGE COMPOSITION OF MULE DEER AND ELK STOMACH SAMPLES EXPRESSED AS VOLUME 


PERCENTAGES, Nov. 9, 


1951-—Nov. 14, 1952 











Dates Nov. Dec. Jan. Feb. Mar. = Apr. May June _ July Aug. Oct. Nov. 
Sampled... 9 6 1 8 7 4 5 6 3 29 3 14 
DEER 
Grasses 56.5 74.2 13 860 97.7 8.0 113 5.0 Tr. Tr. Tr. 
Forbs 410 242 245 10.2 2.3 16.0 71.2 732 72.5 40.0 93.0 1000 
Shrubs 2.5 0.3 Tr. 3.5 TY. Bid lis 2168 275 Go 7.0 Tr. 
Conifers — 13 74.2 1.3 — — — —_ iain eens —_  — 
ELK 
Grasses — 995 100.0 100.0 100.0 1000 995 965 90.0 67.5 100.0 1000 
Forbs —. Tr. Tr. Tr. Ty. 0.5 3.5 . 100 32.5 Tr. © 
— Fe. Te. — Tx. Tr. Te 


Shrubs — 0.5 Tr. —— —_— 
Conifers — Fs. Fr. Tr. Tr. 


yA 7s. ¥¢. ae. ‘Fr. —_  — 


—~~—___ 
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. ited purpose of the study precluded the 
a ie detailed separation of grasses by 
species in both the elk and deer samples. 


DISCUSSION 


Any attempt to interpret the significance 
of the botanical characteristics of the stom- 
ach samples must be largely conjectural. 
The large percentage of grass in the samples 
of both deer and elk suggests either a high 
preference for grass or a limited supply of 
more desirable forage. In the case of elk, it 
is perhaps a matter of preference. Reports 
of studies elsewhere indicate that elk may 
make considerable use of grass (De Nio, 
1938). Our range survey (Table 1) and the 
heavily browsed condition of this class of 
forage particularly on chokecherry, service- 
berry, and mockorange, do imply that shrubs 
were in limited supply. 

The limited supply of browse, maturity of 
forbs, and the green fall growth of grass in 
November 1951 may partly explain the high 
percentage values of grass in the deer sam- 
ples of that time. The lack of fall growth of 
grass in 1952 and the low percentage of 
grass in the deer samples of October and 
November appear to be consistent with the 
previous interpretation. The presence of 
forbs in large amounts through the year 
would indicate a high degree of substi- 
tution of this class of forage for shrubs 
on this type of range. This phenomenon 
is smewhat similar to the food habits ex- 
hibited by pronghorn antelope (Antilo- 
carpa americana) in Texas on a range 
low in shrubby vegetation (Buechner, 
1950). The use of golden aster in large 
amounts in the late summer and fall diet of 
deer suggests either an abnormal palatabil- 
ity in this species or substitution for browse. 
The presence of a high percentage of Doug- 
las-fir in the January | samples of deer is dif- 
ficult to interpret. Temperature, snow con- 
dition, or wind breakage of fir are all possi- 
ble factors. It has been observed by the 
authors that deer may make heavy use of 
Douglas-fir in November if it is made acces- 
sible by wind breakage of trees or by log- 
ging. In this case, the low temperatures and 
deep snow may have caused the deer to yard 


up on north-facing slopes in young stands of 
Douglas-fir with resulting heavy use of fir. 

The food habits of deer on this type of 
range appear to be more closely related to 
those of the mule deer of California (Das- 
mann, 1949; Dixon, 1934) and southeastern 
Washington (Buechner, 1952) than to the 
deer of Utah (Julander, 1955) insofar as the 
use of grass is concerned. 


SUMMARY 


The relative food habits of mule deer and 
elk were studied on a game range that con- 
sists mainly of grassland and forest with a 
grass understory. 

Weather records indicated a fairly normal 
period for the study except for an unusually 
dry fall in 1952 which limited fall growth of 
grasses and forbs. Snow and the low winter 
temperatures were important factors in con- 
ditioning the availability and use of forage 
in the winter. Grasses were the principal 
forage material in the yearlong diet of the 
elk. Mule deer made unexpected use of 
grass as indicated by the November and 
December 1951 samples. The degree of use 
of grass in the spring was as anticipated. 
Forbs were preponderant in the samples 
from May to November 1952. Douglas-fir 
was the principal constituent in the January 
1 samples. 
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RELATION OF HAY HARVESTING TO DUCK NESTING UNDER 
A REFUGE-PERMITTEE SYSTEM 


Ronald F. Labisky’ 


U.S. Fish and Wildlife Service, Minneapolis; and Department of Forestry and 
Wildlife Management, University of Wisconsin, Madison 


This paper discusses the seriousness of 
duck-nest destruction caused by haying 
operations on a waterfowl breeding refuge 
and suggests some management practices 
for reducing such losses. While this paper 
deals specifically with the refuge problem, 
some of the recommendations may apply 
to private lands as well, where hayfield 
duck-nest losses are perhaps of even greater 
magnitude. 

While much has been written concerning 
hayfield-nest destruction among upland 
game birds, little research has been pub- 
lished along similar lines among duck 
species. In order to reduce hayfield-nest 
destruction, English (1934) advised leaving 
islands of unmowed hay surrounding pheas- 
ant (Phasianus colchicus) nests. Bennett 
(1938 ) and Bell (1954) afforded similar pro- 
tection to duck nests. These workers located 
the nests with the aid of a flushing bar at 
the time of mowing. The data presented in 
this paper were collected during the 1954 
and 1955 nesting seasons at Horicon Na- 
tional Wildlife Refuge, Mayville, Wiscon- 
sin. The refuge consists of 20,683 acres, 
about 1,500 of which are in upland. This 
study was conducted on the upland area, 
much of which is under cultivation. The 
cultivated acreage is subdivided into 43 
farm units, each managed on a share-crop- 
ping basis between the refuge and a farmer 
permittee. Operation of the farm units is 
based mainly on a five-year rotation plan 
with a 20-40-40 cropping system—20 per 
cent grain (generally oats) with a legume- 
hay seeding, 40 per cent legume hay, and 
40 per cent corn. The legume hays are left 
in rotation for two years. 

Since the refuge has no direct use for the 
hay, except as a green-manure crop, it has 
been the practice of the permittee to take all 
of the hay as a part of his crop-division share. 
The hayfields consist predominantly of 





* Present address: Illinois Natural History Survey, 
Urbana, Illinois. 


alfalfa and red clover, with some timothy 
The first year that the hay is in the rotation, 
the permittee is allowed to harvest a first 
and second cutting. The second year, the 
first crop may be cut, but the second crop 
must be plowed under as green manure 
This paper deals only with the first hay cut. 
ting. 

Haying operations were tractor-powered 
and consisted of mowing, side-delivery rak. 
ing, and baling or chopping. The exception 
to this procedure was direct clipping by a 
self-propelled hay cutter-chopper. This was 
used by only one permittee. 

The grain and corn are divided on a per. 
centage basis with the permittee. The 
refuge share of corn is usually left in the 
field to provide waterfowl] food. 

Efforts to place more refuge land under 
cultivation at Horicon may increase the 
magnitude of hayfield-nest destruction, 
However, since the completion of this study, 
the refuge has undertaken limited farming 
on its own (about 250 acres in 1956), thus 
greatly reducing possible nest destruction on 
those acres. The added acreage will provide 
additional food that will enable the refuge 
area to hold a larger flight of Canada geese 
(Branta canadensis) during the fall. The 
fall concentration peak at Horicon in 1954 
reached 47,000 Canada geese (Gunther, 
1954). 


THE NESTING POPULATION 


Improved marsh habitat resulting from 
an earthen dike, constructed across the 
south end of the refuge in 1951, brought an 
increased number of waterfowl to Horicon 
during the 1952 nesting season. Although 
brood counts are not available for 1953, 
sizable increase in brood production over 
that for 1952 was evident. A nonrandom 
10-per-cent brood transect of the marsh 
showed 300 broods in 1954 and 400 in 1955 
—an increase of 33 per cent. Blue-winged 
teal (Anas discors), mallards (A. platyrhyn- 
chos), and redheads (Aythya americana) 
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TABLE 1. — Torat NuMBER or Duck Nests LocaTep In 1954 anp 1955 














eae 1954 1955 1954-55 
pel a 309 283 592 
; Per Nests/ Per Nests/ Per Nests/ 
Species No. Cent Acre No. Cent Acre No. Cent Acre 
lue-winged Teal 5500Ct(‘“i‘:CSCi‘i‘«CC«C'S 82 77 0.29 137 67_~—s«é.283 
Mallard 44 44 0.14 24 23 0.09 68 33 0.11 
Totals 99 100 0.32 106 100 0.38 205 100 0.35 





comprised 44 per cent, 34 per cent, and 8 

r cent, respectively, of the total brood 
production for the years 1954 and 1955. 
With an increase in the breeding popula- 
tion of dabbler species using the marsh, 
there is an accompanying increase in the 
potential number of ducks nesting in hay- 
fields. Blue-winged teal and mallards were 
the only species encountered nesting in the 
upland hayfields. 

There was an increase of 49 per cent in 
the number of blue-winged teal, and a de- 
crease of 45 per cent in the number of mall- 
ards nesting in the legume hayfields in 1955 
(Table 1). The nest ratio in hayfields for 
both 1954 and 1955 approached 2:1, blue- 
winged teal over mallards. 

The 1954-55 nest density for both species 
combined was approximately one nest per 
three acres of hay. In certain fields, how- 
ever, the nesting density reached a figure of 
1.8 duck nests per acre. 

The two-year average distance of nests 
from water was 229 yards for 68 mallards 
and 221 yards for 137 blue-winged teal. 
There was very little yearly variation. Since 
these nests were all located in upland hay- 
fields, the mean distances to water are 
greater than those reported by other work- 


ers. On the Ruthven Area in Iowa, Bennett 
(1938) and Glover (1956) found that blue- 
winged teal nests averaged 41.5 yards and 
79.4 yards from water. In Montana, the 
average distance of mallard nests from water 
was 118.7 yards (Girard, 1941). The average 
distance of nests from the field edge in this 
study was 24 yards for both species. There 
was no correlation between the distances 
of the nests from the field edge or water and 
their success in hatching. 


Nest MortaLitTy 


The number of waterfowl nests destroyed 
by haying operations was determined by 
checking each field after the hay was re- 
moved. Destroyed nests were easily located, 
as broken egg shells, down, or other nest 
materials were clearly visible against the 
closely cropped hay. 

The hayfields were searched after hay 
removal by driving a truck through them 
with an observer seated atop the cab. In 
some cases, inaccessibility or wet field con- 
ditions required that the fields be walked. 
Not only was walking more time consuming, 
but it was also less efficient due to the lower 
position of the observer. Errors might have 


TABLE 2.— FATE OF MALLARD AND BLUE-WINGED TEAL NESTS 

















Years 1954 1955 

Acres of hay 309.0 283.0 

Nest category No. Per Cent No. Per Cent 

Hatched before haying 14 14 23 22 

Destroyed by predators before haying 0 0 3 3 

Destroyed directly by haying 78 78 32 30 

Destroyed indirectly by haying 7 7 5 5 

Protected from haying 0 0 43 40 
Totals 99 99 106 100 








196 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 21, No. 2, Aprit 1957 


occurred merely by overlooking a nest or 
because a nest was completely obliterated by 
haying operations. 

The 1954 dates of hay cutting extended 
from June 12 to July 18; the major period 
of the hay harvest occurred during late June 
and early July. In 1955, the majority of the 
hay was cut about one week earlier than in 
1954. The hayfields were generally searched 
for destroyed nests within one or two days 
following mowing. 

All nests active at the time of mowing 
were destroyed (Table 2). With the ex- 
ception of one nest, Bennett (1938) found 
this to be true of the blue-winged teal in 
Iowa. In the present study, the majority of 
the nests were either mowed through or 
crushed by the tractor tires. Very fre- 
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Fic. 1. Cumulative per cent comparison between 
1954 and 1955 (A) hayfield mowing, (B) hatching 
of marsh nests, and (C) potential and actual hatch- 
ing of hayfield nests; mallard and blue-winged teal 
data combined. 


quently, the nests not destroyed by mowin 
were preyed upon soon after by crows (Cor. 
vous brachyrhynchos) or mammals. If, how 
ever, the nests survived mowing and preda. 
tion, they were destroyed later by rakin 
baling, or chopping operations. 6 

In 1954 only 14 per cent of the neg 
hatched before haying, while 22 per cen 
hatched before haying in 1955 (Table 2) 
The 1955 hay crop was harvestable on June 
1, but heavy rains delayed mowing for aboyt 
ten days. This delay in mowing allowed 
more nests to hatch than would have unde; 
weather conditions favorable to norm 
mowing. 

The hatching curves for marsh nests, pre- 
sented in Fig. 1, are the result of backdating 
to hatching the Class Ia broods (Gollop and 
Marshall, 1954) observed on the nonrandom 
10-per-cent refuge-transect area. Only , 
small percentage of the hayfield nests 
hatched before haying, but these data are 
supplemented by estimating the potential 
hatching dates of the destroyed nests from 
their incubation stages at the time of de. 
struction. 

The spring of 1955, for both legume vege. 
tation and nesting, was earlier than the 19} 
season. The cumulative 50-per-cent points 
in hayfield mowing occurred on June 3, 
1954, and June 20, 1955. The earliness of the 
1955 season is further confirmed by the late- 
June hatching data (Fig. 1), which show 
(1) a cumulative 9-per-cent increase over 
1954 in the potential and actual hatching of 
hayfield nests and (2) a 27-per-cent increase 
in the hatching of marsh nests between 1954 
and 1955. The graph also shows that the 
hatching of hayfield nests lagged behind 
mowing at all dates for both 1954 and 195, 
even though the 1955 season was earlier 
than the 1954 season. 

The hatching of marsh nests preceded 
hayfield-nest hatching in June of 1954 and 
during most of the 1955 nesting season. This 
suggests that natural marsh vegetation may 
provide earlier nesting cover than the le 
gume hayfields, or possibly that the hay- 
field nests, in part, may be renesting at 
tempts by hens that had their earlier marsh- 
land nests destroyed. 

Although few flushing bars were used, 
only five ducks were killed by mowing 
during 1954 and 1955. The reason for this 
low vulnerability to mowing is that dabbling 
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ducks generally rise swiftly and nearly 
vertically from the nest when flushed by 
the mowing machine, thus avoiding the cut- 


ting bar. 
Nest PROTECTION 


The nests that were protected in this 
study were located with a flushing rope. 
The flushing rope consisted of a double 50- 
foot length of three-eighths-inch hemp, with 
nine rock-filled cans suspended on 2-foot 
lengths of light chain uniformly spaced 
along the rope. The stretched flushing rope 
was dragged by two men through uncut 
hayfields, until each field was covered in 
q series of parallel strips. The dragging 
action of the rope on the vegetation, plus the 
noise produced by the rock-filled cans boun- 
cing behind, flushed the hens. Hayfields 
were searched with the flushing rope one 
or two days prior to mowing; 243 acres of 
hayfields were searched in 1955. 

in 179 acres of hay cruised after haying, 
it was found that only 39 of 68 mallard and 
blue-winged teal nests (57 per cent) had 
been located with the flushing rope prior 
to mowing. Bennett (1938), Earl (1950), 
and Sowls (1955) have experienced varying 
degrees of success in locating duck nests 
with flushing ropes similar in construction 
to the one used in this study. 

During the 1955 nesting season, 33 blue- 
winged teal and 10 mallard nests were pro- 


Fic. 2. Nesting islands smaller than 20 feet square were exceptionally vulnerable to predators. This 
island is approximately 10 x 20 feet in size. 





tected from haying. Thirty of these nests 
were left with unmowed islands of hay, 
nine were subjected to delayed cutting, and 
four nests were destroyed by mowing in 
spite of being carefully marked. 

The nests to be protected by unmowed 
islands of hay were best marked by setting 
four stakes to form a square approximately 
25 x 25 feet surrounding the nest. The 
islands were so staked that their sides 
formed 45° angles with the sides and ends 
of the fields. Staking of this type made 
mowing operations much easier, as the per- 
mittee had only to deviate 45° from his line 
of mowing, rather than an abrupt 90° had 
the island sides paralleled the field borders. 
Even this method did not solve the problem 
completely, as a few permittees mowed 
corners off the staked islands. The resulting 
nesting islands thus varied in size. 

Of the 30 nests surrounded by various- 
sized islands of unmowed hay, 14 nests (47 
per cent) hatched, 11 (37 per cent) were 
destroyed by mammalian predators or crows, 
and 5 (16 per cent ) were abandoned. Varia- 
tions in predator pressure between nesting 
areas may have influenced nest-island hatch- 
ing success. Had all the nesting islands been 
25 feet square or larger, the success figure 
might have been higher. This is supported 
by the fact that no nests hatched in islands 
that were 20 feet square or smaller (Fig. 2). 
Islands that were 25 feet square or larger 
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had a 64 per cent hatching success. The 
increase in size between an island of hay 20 
feet square and 25 feet square adds 255 
square feet (56 per cent) to the over-all 
island area. 

According to Bell (1954), seven duck 
nests were subjected to nesting-island man- 
agement of this type on the state-controlled 
Horicon Marsh Wildlife Area in July of 
1953. These nests were located at the time 
of mowing with the aid of a tractor-mounted 
Ohio-type flushing bar, operated under close 
supervision. Later checks showed that three 
of the nests were successful. Bell concluded 
that “a swath of 8 x 20 feet is the minimum 
size of uncut hay that should be left around 
the nest in order to provide sufficient pro- 
tection from predators.” 

Although the sample sizes are small, the 
difference between my findings, which show 
that none of 14 nests surrounded by islands 
less than 20 feet square hatched, and Bell’s 
hatching success of three out of seven nests 
can probably be explained by variation in 
predator pressure between the two areas. 

Bennett (1938) suggested that islands of 
unmowed hay surrounding duck nests might 
attract “animals.” Although one might ex- 
pect unmowed islands of hay to offer special 
targets to mammalian predators, perhaps 
this is not the case. The discovery of an 
island of standing hay in a mowed field is 
probably the result of random wandering 
by the mammal. My data suggest that mam- 
mals more easily located nests in islands 
with an area of 20 feet square or smaller, 
than they did in islands with an area 25 feet 
square or larger—probably because the 
larger islands were less thoroughly searched. 
Since the hayfields were very dense and 
provided much overhead protection for the 
nests, crow predation was not serious unless 
the island was quite small in size. 

Delayed cutting was employed only on 
7.6 acres of hayfields during 1955, since the 
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permittees did not readily accept the idea 
of leaving hay stand to insure the hatchin 
of duck nests. Of the nine nests which we, 
protected by delayed cutting, four hatched 
three were destroyed by predators, and two 
were abandoned. 

Combined data for the 43 duck nests pro- 
tected from haying show that 18 (49 per 
cent) hatched, 14 (33 per cent) were des. 
troyed by predators, 7 (16 per cent) were 
abandoned, and 4 were destroyed by moy. 
ing. 

Disturbance by man and machine may 
have influenced the abandonment of nests 
although most abandonment coincided with 
heavy, prolonged, cold rains in early June, 

Mammalian predators — mainly skunk 
(Mephitis mephitis), raccoon (Procyon 
lotor), and opossum (Didelphis marsy. 
pialis )—caused 26 per cent of the nest mor. 
tality, while crows destroyed 7 per cent of 
the nests. 

The 42-per-cent nest-hatching success for 
“managed” nests is within the range of nest. 
ing success found in other studies. Kalp. 
bach (1939) found the average nest success, 
taken from the records of 22 field studies of 
waterfowl, to be 60 per cent. Bennett (1938) 
found the five-year average success for blue- 
winged teal nests in Iowa to be 59 per cent, 
On the same area, Glover (1956) found the 
nest success of bluewings to be 23 per cent 
in 1948 and 21 per cent in 1949. Earl (1950) 
found that the hatching success of mallards 
was 52 per cent in the Sacramento Valley, 
California. 

A chi-square test showed the 25 per cent 
increase in nest success between 1954 and 
1955 to be highly significant (Table 3). 
Seventeen per cent in this increase is the 
result of hayfield nest protection—particu- 
larly hayfield “islands,” while the other § 
per cent in the increase can be credited to 
more nests hatching prior to haying in 1955. 


TABLE 3. — COMPARISON OF 1954 AND 1955 MALLARD AND BLUE-WINGED TEAL HAYFIELD-NEST SUCCESS 








Nests Number Per Cent 


1954-55 


Per Cent Number Per Cent 





Successful 14 14 
Unsuccessful 85 86 
Totals 99 100 


39 Ss of 
61 73 
100 100 














DiscuUssiON AND RECOMMENDATIONS 


since the Horicon National Wildlife 
Refuge is managed primarily for Canada 
eese, major emphasis has been placed on 
the farm program in order to produce water- 
fowl food in the form of agricultural crops. 
This means that crop production has re- 
ceived priority over nesting when hayfields 
are considered, since hay enters into the 
crop-rotation plan. 

Certain management proposals appear to 
have some potential for reducing the de- 
struction of waterfowl] nests by haying opera- 
tions. Hayfield-island protection for duck 
nests is not feasible on a large scale, because 
it is difficult to locate the nests in hayfields 
prior to mowing. 

Analternative method for protecting nests 
is delayed cutting. Delayed cutting, how- 
ever, opposes proper legume-haying tech- 
niques. Cutting at the early bloom stages 
produces an excellent quality hay, with a 
high protein and ash content and a low fiber 
content (Smith, 1956). If the first cutting 
in this region should be delayed until after 
July 15, when the majority of hayfield nests 
should be terminated (Fig. 1), the resulting 
hay would be of far less value as livestock 
feed due to the loss of nutrients and the in- 
creased fiber content. The hay crop would 
then have to be cut and removed from the 
field so that a second crop could be har- 
vested. Since it has been the practice of 
the permittee to take all of the hay as a part 
of his crop-division share, he would have to 
be compensated for the total or partial loss 
of the first hay crop. Refuge budgeting does 
not permit monetary allowances for such 
losses. The compensation to the permittee 
would be in the form of a larger share of 
either corn or grain produced on the refuge 
farm units. This would result in a smaller 
amount of corn that could be left on the 
refuge farm units as feed for migrating 
ducks and geese. On a corn-exchange basis, 
the refuge would be required to give the 
permittee 20 to 25 bushels of corn, at cur- 
rent prices, for each acre of legume hay on 
which cutting was delayed. Thus a plan re- 
stricting the first hay cutting on all refuge 
farm units, until the majority of the hay- 
field nests had hatched, certainly would not 
be a feasible practice under present condi- 
tions. 

A proposal restricting hay cutting within 
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30 yards of the field edge, until after the 
hatching peak, would also reduce nest mor- 
tality. This plan is based on the fact that 76 
per cent of the nests found in this study were 
located within 30 yards of the field edge. 
However, because much of the refuge farm 
land is managed on 30-yard cropping strips 
alternated with 10-foot grass buffer strips, 
this plan would practically eliminate the 
first hay cutting on many farm units. 

The 1954-55 data show that duck-nest 
densities were highest in hayfields nearest 
the marsh; this resulted from the lack of 
wild nesting habitat between the cropland 
and the marsh edge. Approximately 90 per 
cent of the duck nesting on the refuge hay- 
fields during 1954 and 1955 occurred along 
three miles of farm units located immediate- 
ly adjacent to the marsh. These are the 
farm units that should receive the most in- 
tensive management. It seems most feasi- 
ble to manage the hayfields possessing high 
duck-nest densities specifically for nesting. 

A delayed-cutting program applied to hay- 
fields with high nest densities would not 
complicate the management of the entire 
farm-unit system. The land-use permits 
should be amended to include a provision 
allowing the permittees to be compensated 
by a larger share of either grain or corn if 
the first cutting of hay should be delayed. 

It might be possible to eliminate the com- 
pensation principle entirely if the permittees 
could be encouraged to grow the first le- 
gume-hay crop for seed. Several very suc- 
cessful alfalfa and red clover seed crops 
were produced in the Horicon area during 
1954 and 1955. The seed crop would take 
the place of the first hay cutting thus re- 
quiring no modification of the share-crop- 
ping system. The seed harvest would occur 
well past the hayfield-duck hatching period, 
and thus reduce nest destruction to a mini- 
mum. 

The remaining alternative for reducing 
hayfield nest losses would involve a change 
in refuge policy, whereby all farming would 
be carried on by the refuge staff. 
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SUMMARY 


At the Horicon National Wildlife Refuge 
in Wisconsin, farm units have been managed 
on a share-cropping basis with farmer per- 
mittees; all of the legume hay goes to the 
permittees so that the refuge can retain as 
much corn as possible to feed migratory 
ducks and geese. 

In 1954-55, the duck-nesting density was 
approximately one nest per three acres of 
legume hay. Mowing of the first legume- 
hay crops preceded the major period of hay- 
field-duck hatching for both years, causing 
100 per cent destruction of all hayfield nests 
active at that time. 

Islands of uncut hay—25 feet square or 
larger—surrounding duck nests allowed a 
hatching success of 64 per cent, but duck 
nests were difficult to find and a flushing 
rope was only 57 per cent efficient. 

Ninety per cent of the hayfield-duck nests 
were concentrated along three miles of farm 
units located immediately adjacent to the 
marsh. Under existing management policies 
for this refuge, the soundest recommenda- 
tion to reduce hayfield-nest mortality is to 
manage the farm units with high nesting 


densities specifically for nesting ducks, This 
would involve delaying the first hay cuttin 
until the majority of the nests had hatched 
The permittees of these particular farm units 
would have to be compensated for the tota] 
or partial loss of the first legume-hay ero 
by a larger share of refuge-grown com : 
grain. Growing the first legume-hay cro 
for seed may provide the solution to re. 
ducing hayfield-nest mortality under the 
farmer-permittee system. 


LITERATURE CITED 


Bet, J. 1954. Hay or game. . 
Cons. Bull., 19(6):22-23. 

Bennett, L. J. 1938. The blue-winged teal; jts 
ecology and management. Collegiate Pres 
Ames, 144pp. 

Eart, J. P. 1950. Production of mallards on inj. 
gated land in the Sacramento Valley, California, 
J. Wildl. Mgmt., 14(3):332-342, 

ENGLIsH, P. F. 1934. Game bird flushing apparatus, 
Mich. Dept. Cons., Game Bull. No. 2, 8pp, 

Gmarp, G. L. 1941. The mallard: its management 
in western Montana. J. Wildl. Mgmt. 5(3): 
233-259. 

Guover, F. A. 1956. Nesting and production of the 
blue-winged teal (Anas discors Linnaeus) in 
northeast Iowa. J. Wildl. Mgmt., 20(1):28-46, 

Go..op, J. B. anp W. H. MarRsHALL. 1954. A guide 
for aging duck broods in the field. Report for 
Mississippi Flyway Technical Section, 14pp, 
mimeo. 

GunTHeER, L. F. 1954. Horicon National Wildlife 
Refuge narrative report. September-December. 
(Unpublished quarterly report, U.S. Fish and 
Wildl. Serv.) 39pp. 

KALMBACH, E. R. 1939. Nesting success: its sig- 
nificance in waterfowl reproduction. Trans. N. 
Amer. Wildl. Conf., 4:591-604. 

SmitH, D. 1956. Cutting alfalfa early for better 
quality hay and silage. Agric. Exp. Sta., U. 
Wis., Madison, Bull. 521, 4pp. 

Sowts, L. K. 1955. Prairie ducks. Stackpole Co., 
Harrisburg, 193pp. 


. or both? Wis 


Received for publication June 12, 1956. 








Purpo 
Ele: 
able { 
work 
of fisl 
uses | 
The 1 
flow ¢ 
and ¢ 
invest 
vanta 
that « 
live fi 
velop 
vice. 
Revie 
Thi 
ity in 
tric fi 
appli 
scree! 
volta; 
of fis 
velop 
prese 
El 
nume 
publ 
(Apy 
locat 
terial 
relati 
fishin 
Joi 
Wild] 
Resea 
Abstr 
Mana 
*F¢ 
Depa 
Schor 
*Py 
Engit 
"Pr 
Mans 








S. This 
Cutting 
atched. 
M units 
1e total 
ly Crop 
0m or 
y crop 
to re- 
er the 


1? Wis. 


eal: its 
> Press, 


on ini. 
lifornia, 


paratus, 
8pp. 

igement 
> 5( 3 ) : 


n of the 
eus) in 
:28-46, 
A guide 
port for 

14pp., 


Vildlife 


~ember, 
ish and 


its sig- 
ans, N, 


better 
ita., U, 


le Co., 





GALVANOTAXIC RESPONSE OF FISH TO PULSATING 
DIRECT CURRENT’ 


Glenn N. Taylor,’ Larry S. Cole,’ and William F. Sigler’ 
Utah State Agricultural College, Logan, Utah 


INTRODUCTION 


Purpose of the Problem 

Electrical shocking of fish has consider- 
able practical application in stream survey 
work for its ease of capturing a majority 
of fish in a section of stream. The shocker 
yses either alternating or direct current. 
The latter is applied as a continuous-power 
flow or in pulses of varying-voltage shapes 
and durations. This paper summarizes an 
investigation of the advantages and disad- 
vantages of some power forms, especially 
that of pulsed direct current, in capturing 
live fish. Such information may aid in de- 
veloping a more efficient fish-collecting de- 
vice. 
Review of the Literature 


The first practical application of electric- 
ity in fisheries work was probably the elec- 
tric fish stop. As early as 1917, H. T. Burkey 
applied for a patent on an electric fish 
screen, and in 1928 he proposed the use of 
voltage impulses in directing the movement 
of fish. A comprehensive study on the de- 
velopment of the electrical fish screen was 
presented by Holmes (1948). 

Electrical fishing necessarily includes 
numerous scientific fields. A bibliography 
published by the Fish and Wildlife Service 
(Applegate, et al., 1954) is of great help in 
locating some of the widely dispersed ma- 
terial. However, in spite of numerous data 
relative to the various phases of electrical 
fishing, the amount of material evaluating 


‘Joint contribution from the Department of 
Wildlife Management, Utah Cooperative Wildlife 
Research Unit, Engineering Experiment Station. 
Abstract from thesis for M.S. degree in Wildlife 
Management, Utah State Agricultural College, 1955. 

‘Former graduate student, Wildlife Management 
Department; present address: University of Utah 
School of Medicine, Salt Lake City, Utah. 

‘Professor and Head, Department of Electrical 
Engineering. 

‘Professor and Head, Department of Wildlife 
Management. 


the use of pulsed direct current at various 
pulse rates, duty cycles> and wave shapes is 
limited. A study by McLain and Nielsen 
(1953) dealing with pulsed direct current 
employed a square wave and three different 
duty cycles. Their publications presented 
the results of only low-pulse frequencies 
with the other conditions constant, and they 
did not vary the pulse frequency such that 
the effect of various pulse rates could be 
determined. No studies were found relative 
to a triangular voltage pulse used with a 
variable duty cycle and pulse rate. 


MATERIALS AND METHODS 


Nature of the Problem 


This study is primarily an evaluation of 
the galvanotaxic properties of direct current 
pulsed in triangular voltage waves. How- 
ever, enough tests using continuous direct 
current and alternating current were con- 
ducted under identical conditions so that a 
comparison can be made. The data pre- 
sented deal principally with voltage gra- 
dient, duty cycle, and frequency of pulse 
required to produce a given response. Rec- 
ords were also kept of fish injury and mor- 
tality as they were observed during the 
experiments. Also, intentional attempts 
were made to produce injury by electrical 
shock to the fish; this experiment was 
followed by X-ray studies and gross and 
histological examinations of tissue speci- 
mens. 


Description of the Equipment 

The controlled-shocking experiments were 
conducted in a 34-inch marine-plywood tank 
2 feet deep, 5 feet wide and 12 feet long 
(Figs. 1 and 2). The tank was reinforced 
with steel angles and the interior painted 
white with a nonconductor water-repellent 
paint. Two large metal trays, one at each 
end, served as the electrodes. A plastic 
screen at each end of the tank prevented 





‘Duty cycle is the ratio of the length of time the 
circuit is closed to the total length of the cycle. 
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fish from coming in direct contact with the 
electrodes. 

The electrical power supply was from the 
city line (110 volts, 60-cycle, alternating 
current). A variac, transformer, and recti- 
fier made it possible to obtain direct-current 
peak voltages from 0 to 650 volts (Fig. 3). 
The same equipment was used for the con- 
tinuous direct-current tests as for the pulsa- 
ting-current tests except that the motor- 
driven breaker points remained closed with 
continuous current (Fig. 3). During ex- 
periments with alternating current a line 
from the city power supply, controlled by a 
variac, was wired directly to the tank. Volt- 
age measurements for alternating and con- 
tinuous direct current were made with a 
high-resistance AC and/or DC volt meter, 
and voltages during pulsed direct-current 
experiments were read on the calibrated 
screen of an oscilloscope. The oscilloscope 
also was used to determine the voltage wave 
shape. 


Techniques and Methods Employed 


Most of the electrical-shocking experi- 
ments were conducted at the Utah Depart- 
ment of Fish and Game hatchery located 
near Logan, Utah. All fish used, except 


where specifically designated otherwise, 
were rainbow trout (Salmo gairdneri), 

The water used in these experiments was 
from an artesian well that had a temperature 
of 57° F. and a resistance of 1,700 ohms per 
cubic inch. The water depth in the tank was 
maintained at one foot during all tests. Since 
the flow of water through the tank was not 
continuous, aeration and temperature were 
controlled by periodic changings. Water 
temperature during the tests was allowed to 
vary between 60° and 64° F. However, this 
variation in temperature, and even greater 
differences in temperature, should not have 
influenced the response of the fish, accord- 
ing to the work of McLain and Nielsen 
(1953). 

Preliminary tests using a volt meter at- 
tached to two small electrodes spaced one 
foot apart indicated that the electrical field 
within the tank was uniform. This condition 
made it possible to compute the voltage per 
inch that would apply to any area in the 
tank by dividing the distance in inches 
separating the electrodes at each end into 
the potential difference across the tank dur- 
ing the various tests. This was the procedure 
used in determining the voltage gradient as 
given in this paper. 
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Fic. 2. Electrical equipment and the tank used in the controlled shocking experiments. 


The shape of the voltage wave was de- 
termined in all tests with an oscilloscope, 
wired to the electrodes at each end of the 
tank. For the 60-cycle alternating current 
the form was a typical sine wave; for the 
pulsed direct current the form was triangu- 
lar, varying in shape with the frequency— 


tending to be less acute at lower frequencies; 
and for continuous direct current the wave 
had a slight undulation but for all practical 
purposes was a straight line. 

It would have been desirable, from the 
standpoint of eliminating a variable, not 
to shock the same fish more than once, but 
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Fic. 3. Diagram of electrical equipment used in the continuous DC and pulsed DC tests, 


difficulties involved in such a segregation 
made this impractical. However, prior to 
the shocking experiments of any one day, 
sufficient fish within the given length class 
were captured and placed within a live box 
adjacent to the tank. This segregation pre- 
vented the same fish from being shocked 
twice during a given day. Also, since a rela- 
tively small number of fish were selected 
from and returned to a school containing 
approximately 10,000 fish the odds are slight 
that the same fish was used more than once. 

Prior to placing the fish in the tank, the 
voltage, frequency, and duty cycle were set 
so that the response observed was the result 
of only one set of conditions. In all instances, 
except where mentioned, at least five fish 
of approximately the same length were used 
in each test. These were placed in the tank 
and given sufficient time to adjust to the 
new environment. Then a switch was closed 
subjecting them to the previously arranged 
stimulus, and the reaction to the electrical 
field was determined. To facilitate removal 
of the fish from the tank, the voltage was 
raised to the electronarcotic level, and the 
fish were removed with an insulated dip 


net. This procedure not only facilitated re. 
moval of all specimens from the tank, but 
also it gave us a considerable number of 
fish subjected to relatively high voltages 
from which injury data could be noted. 

A further test to determine some of the 
physical injuries that might be received by 
fish exposed to relatively high voltages was 
conducted by killing an 8-inch fish with 
alternating current and then immediately 
preparing the organs of the fish for histologi- 
cal study. The same tissues and organs were 
taken from a normal 8-inch fish and pre- 
pared in a similar manner. This duplica- 
tion was necessary since we were unable 
to find any sufficiently detailed studies that 
dealt with the microanatomy of a normal 
rainbow trout. 

In addition to the tissue-section examina- 
tion, three fish (12 inches, 14 inches, 14 
inches ) were killed with an alternating cur- 
rent, after which X-rays were taken to de 
termine any changes of the bone structure. 

Because of small losses resulting from 
continuous direct current and from pulsed 
direct current, only the injurious effects of 
alternating current were examined in detail. 
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Taste 1. — 
CuR 


GALVANOTAXIC RESPONSE OF Six LENGTH CLASSEs OF RAINBOW TROUT TO STEADY DIRECT 
RENT AT A WATER TEMPERATURE OF 65° F.; MEASURED IN FIVE CLASSES OF RESPONSE FROM Q, 
REPRESENTING No RESPONSE, TO 5 FOR COMPLETE PARALYSIS’ 








Length-class Size (inches ) 


No. of Fish Shocked 


4-5 6-7 8-9 10-11 12-13 
130 23 85 6 4 





Voltage Gradient 
(volts per inch ) 


042 
a 
052 _ 
057 
0.62 
067 
072 _. 


0.77 - 
0.82 - 
0.87 


0.92 
0.97 -.. 
1.02 - 


107 . 
1,12 Rene vera Hi 


1.22 
1.27 

1.32 : 
| a 


PRO WwW WNN KK Oo OCC OFF CooCoCoo 


Coded Response 


Pre RWW WWH WW WNeFe 


TRO WWW WWW WWNW NNF OFOCS 
PR WWH WWW WWW WWW NNFS 


ml PRR WWHO WWW WWW WNNY NNN CCSCSo 





1Code: 
0=no polarity or distress 


l1=slight galvanotaxis and alignment along equipotential planes, shivering and signs of minor distress 
2=fair galvanotaxis; immediate movement to pole at the initial shock but usually escapes 

= strong determined movement to pole; no paralysis in less than 7 seconds 
4=complete paralysis in 6 seconds or less, and usually it did not reach the positive pole 


RESULTS 


Experiments with Rainbow Trout 

The following data include tests with 60- 
cycle alternating current, uninterrupted di- 
rect current, and pulsed direct current. 
Pulses of 0.33, 0.47, and 0.88 duty cycle were 
used at frequencies from 2 per second to 120 
per second. A total of 1,812 fish was used in 
the experiments with an average of 5 tested 
at each voltage, duty cycle, and pulse fre- 
quency combination. Responses were arbi- 
trarily divided into five different groupings 
that are defined in the tables under the 
designation “code.” The same code was 
used for all of the tests with direct current, 


but not for those in which alternating cur- 
rent was employed. Here it was necessary 
to use different designations since there is 
no galvanotaxic response with this form of 
power. From the standpoint of a collecting 
device, the number-three response repre- 
sents the primary criterion for judging ef- 
ficiency of the shocking operation. 


Relationship of body length and response. 
The data given in Table 1 and Fig. 4 were 
determined for the purpose of evaluating 
the relationship between the degree of re- 
sponse of a fish exposed to a continuous 
direct-current electrical stimulus and _ its 
body length. The voltage gradient was mea- 





JOURNAL OF WILDLIFE MANAGEMENT, VOL. 21, No. 2, Aprut 1957 
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0.22 032 042 052 O62 O72 082 O92 1.02 112 
VOLTS / INCH 


122 132 14p 


Fic. 4. Responses obtained in a given length class of rainbow trout at various voltages when using 
continuous direct current (see Table 1 for code and numerical values). 


sured as the potential difference between 
two points (one inch in this instance) on a 
line drawn perpendicular to and joining the 
electrodes at each end of the tank. The fol- 
lowing significant observations were noted: 

1. The voltage range through which a 
good galvanotaxic response was obtained 
( the voltage difference between the number- 
two and number-four response) tended to 
increase as the length of the fish increased, 
with one exception—the 12-inch fish that 
caused the number-three curve shown in 
Fig. 4 to veer back to the right. However, 
this was very likely an individual variation 
since it is the only example that did not fol- 
low the general pattern, and also since it is 
at variance with the curve representing the 
number-two response, as shown in the same 
figure. 

2. The severity of any voltage gradient 
increased with the length of the fish. 

3. It has been observed in our stream- 
survey work that a variable percentage of 
the fish are not captured since they are 
frightened away by coming in contact with 
the “fringe area,” which is the part of the 
electrical field that is too weak to cause 
galvanotaxis, but strong enough to stimu- 
late the fish—usually away from the areas 


of the field that are more intensely charged, 
This study indicates that the voltage gr. 
dient of the “fringe area” probably lies some. 
where between or includes the voltages 
necessary to cause the number-one and the 
number-two responses (Table 1). 

4. A high degree of selectivity was possi- 
ble when sampling mixed-length classes of 
fish (Fig. 4). A voltage sufficient to cause 
galvanotaxis in one length class might mere- 
ly occ a fringe gradient for a smaller 
fish. 


Direct current tests using 0.33 duty cycle. 


Table 2 and Fig. 5 contain the results of the 
experiments employing pulsed direct cu- 
rent, an 0.33 duty cycle, and a triangular- 
wave shape. The length of the pulses varied 
from approximately 28 milliseconds at 12 
pulses per second through 3 milliseconds at 
120 pulses per second. The duration of the 
interval between pulses varied from 55 mill- 
seconds at 12 pulses per second through 
6 milliseconds at 120 pulses per second. 
The following significant observations were 
noted: 

1. The voltage gradient required to cause 
a good leading response diminished as the 
pulse frequency was increased from 12 
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ESPONSE OF 8- TO 9-INCH RAINBOW TROUT TO PULSATED DirecT CURRENT, 
Duty CycLe. THE REsponsE Is REPRESENTED BY THE CopE NuMBER GIVEN IMMEDIATELY 
BELOW THE RESPECTIVE VOLTAGE GRADIENT. (SEE TABLE 1 For CODE. ) 
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VOLTAGE GRADIENT - VOLTS / INCH 


Fic. 5. Voltage gradient and pulse frequency required to produce a good (code number three) gal- 
vanotaxic response with 0.33 duty cycle, using 8- to 9-inch fish. 


pulses per second to 96 pulses per second. 
Between 96 pulses per second and 120 
pulses per second a slight increase in gra- 
dient was necessary to cause a good gal- 
vanotaxic response. 

2. The most efficient leading response 
occurred at a frequency of 96 pulses per 
second. At this rate the voltage necessary 
to cause a good galvanotaxic reaction was 
reduced to 45 per cent of that needed to 
cause a similar response when using con- 
tinuous direct current with the same length 
class of fish. The pulse duration and the 
interval between pulses was approximately 
4 milliseconds and 8 milliseconds, respec- 
tively, at this optimum frequency. 

3. The most pronounced effect relative 
to voltage gradient necessary to cause gal- 
vanotaxis occurred between the pulse rates 
of 12 and 48 per second. 

4. Pulse frequencies between 48 per 
second and 72 per second were similar in 
effect. 


5. The voltage range through which fish 
showed a good galvanotaxic response di- 
minished as the frequency increased. This 
tended to reduce the voltage interval be- 
tween the number-two and the number-four 
responses. 


Direct current tests using 0.47 and 0.88 duty 
cycles. Tests using 0.47 and 0.88 duty cycles 
at various frequencies were conducted only 
to the extent that it was determined that 
such duty cycles tended to be less efficient 
than the 0.33. The data from these tests are 
not included in this paper. 


Comparison of pulsed and steady direct 
current. This study involves the relationship 
of steady direct current to pulsed direct 
current as a means of collecting fish. This 
comparison was possible since the same 
code numbers and techniques were used in 
designating the various responses observed 
in the experiments utilizing both forms of 
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3, —THE RELATIONSHIP BETWEEN THE MINIMUM STEADY Direct CuRRENT VOLTAGE AND THE 
Direct CuRRENT VOLTAGE REQUIRED TO STIMULATE 8-IN. FISHES TO ELicir A Goop 
(CopE NuMBER THREE) RESPONSE’ 


TABLE ' 
MINIMUM PuULSATED 








Minimum Voltage Causing a Good (Code No. 3) Response 
(V peak) peak (V eff) effective 











Duty Cycle Pulses /Second DC volts/inch steady DC volts/inch Watts 
Steady DC _ 0.47 0.47 9.9 
0.33 12 2.20 0.73 23.6 
24 1.97 0.66 19.5 

36 1.21 0.40 7.2 

48 0.83 0.24 2.7 

60 0.83 0.24 2.7 

72 0.83 0.24 2.7 

84 0.68 0.22 2.2 

96 0.64 0.21 2.0 

120 0.68 0.22 2.2 
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IThis table also gives a comparison of the minimum power required to cause a good (code number three) response. 


current. To make such a comparison pos- 
sible, the voltages shown in the tables rela- 
tive to pulsating current, which are the peak 
voltages as observed on an oscilloscope 
screen, were converted to the equivalent 
value in terms of steady direct current by 
means of the following relationship (for a 
triangular-voltage pulse ): 


t ai 
r Vo.“ = 
Vets it | =| 2 


continuous direct current 
equivalent voltage 

Veak = peak voltage of pulse 

T = period of cycle 

to = duration of pulse 





II 


Vest 


The equivalent voltages as determined by 
the above formula, the voltages for steady 
direct current, and the power values, all 
of which represent minimum values neces- 
sary to cause a good galvanotaxic (code 
number three) response are summarized in 
Table 3. An analysis of these data indicates 
that the efficiency of a continuous direct- 
current shocking machine may be increased 
through the use of relatively rapid pulses, 
an 0.33 duty cycle, and a triangular-voltage 
pulse. Also, power, expressed as watts, de- 
creases with an increase of frequency of 
pulses per second. The power was computed 
for the entire tank having a water depth of 
one foot and water resistance of 1,700 ohms 
per cubic inch. 


Alternating current tests. Alternating cur- 
rent was used on 8- to 9-inch fish in such a 
way that the voltage required to capture fish 
with alternating current could be compared 
with the voltage causing galvanotaxis of 
the same size fish by using continuous di- 
rect current, and pulsed direct current 
(Table 4). 

For comparative purposes, the alternating- 
current voltage, 0.57 volts rms per inch, 
shown above the number-four code response 


TABLE 4,— THE RESPONSE OF 8- TO 9-INCH RAIN- 
Bow Trout TO 60-cYCLE ALTERNATING CURRENT 
IN WATER 60° To 63° F. 








Voltage Gradient 


(rms volts per inch) Coded Response! 





0.26 
0.31 
0.37 
0.42 
0.47 
0.52 
0.57 
0.62 
0.67 


auakhwowonrtNwN 





1Code: 
1 = no response 
2 = irritation and alignment on equal potential planes 
3 = slight paralysis 
4 = paralysis in 7 or more seconds 
5 = paralysis in 6 seconds or less 
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in the following chart, is used since it is 
probably the minimum voltage, as indicated 
by this study, that will capture fish of the 
given-length class. The above figure, 0.57 
volts rms per inch, should be reduced slight- 
ly when comparing it with the data in Table 
3, since the equivalent voltage in terms of 
direct current will be slightly lower. Com- 
parison with Table 3 indicates that in terms 
of the voltage per inch required, the con- 
tinuous direct current and the pulsed direct 
current, with the exception of the 0.88 duty 
cycle, are more efficient than the alternating 
current. Also, in a comparison of the volt- 
age required for a paralytic response, the 
direct current pulsed at high frequencies 
was still more efficient than the alternating 
current. 


Experiments with Species Other than Rain- 
bow Trout 


Preliminary tests using continuous DC 
and pulsating DC were conducted to de- 
termine the galvanotaxic response of carp 
(Cyprinus carpio), channel catfish (Ictalu- 
rus punctatus), Rocky Mountain whitefish 
(Coregonus williamsoni), and the Utah suck- 
er (Catostomus ardens). With the excep- 
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tion of the Utah sucker, at least a fair lead. 
ing response was observed in all of the above 
species. These tests were too brief to com 
pare the duty cycle, pulse frequency ond 
voltage necessary to cause a similar response 
in rainbow trout. 


EFFECTS OF ELECTRICAL SHOCK ON Fisq 


Mortality Rate 


The voltage was increased, following the 
respective tests, to exceed the electronarcotic 
level to facilitate removal of fish from the 
test tank. This procedure necessarily ex. 
posed the fish to relatively high voltages 
higher than they would usually receive jp 
routine stream-survey work. The resultin 
mortality figures (Table 5) suggest that 
alternating current causes a higher mortali 
than direct current (pulsed or steady). This 
same trend has been observed by the writers 
when collecting fish with electricity under 
natural stream conditions. 


Tissue Alterations 

One 9-inch trout was intentionally killed 
in the test tank with 60-cycle alternating 
current by gradually increasing the voltage 


¢t 0.33 DUTY CYCLE 
0.47 DUTY CYCLE 
0.88 DUTY CYCLE —~—W—~W—~-— 





VOLTAGE GRADIENT 


30 40 50 .60 70 


.80 90 1.00 10.20 1.30 
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Fic. 6. A comparison of steady direct current, and pulsed direct current of 0.33 duty cycle. The curve 
for 0.33 duty cycle and the point indicated for steady direct current show the voltage-frequency com- 
bination necessary to cause a good galvanotaxic response. 








7 


— 


Form of | 
icc 


Uninter 
Pulsed - 
60-cycl 


—— 


to 1 ve 
and le 
§ seco 
was le 
be sur 
obser 
could 
Imr 
follow 
10 pe 
moun 
toxyli 
e 

li 


Q 





Fic. 
a tet: 








r lead. 
above 
) COm- 
Y and 
sponse 


1g the 
TCOtic 
m the 
ly ex- 
iges— 
ive in 
ulting 
t that 
tality 
. This 
riters 
under 


killed 
lating 
iItage 





GALVANOTAXIC RESPONSE OF FisHo—Taylor et all. 211 


TaBLE 5.— Fish Mortraity Rates 





Se 
>= 





Number Number 
of Fish of Fish Per Cent 


Form of Power Shocked Killed Mortality 





a , - 0 ‘ 
Uninterrupted DC 91 

Pulsed DC 1,641 5 0.3 
60-cycle AC 46 2 42 





to 1 volt per inch over a period of 3 seconds 
and leaving the fish thus exposed for another 
seconds. Following electrocution, the fish 
was left for 10 minutes in a holding box to 
be sure it was dead, after which post-mortem 
observations were made. No sign of injury 
could be grossly detected. 

Immediately after the post-mortem the 
following organs and tissues were fixed in 
10 per cent Formalin and later sectioned, 
mounted on slides, and stained with hema- 
toxylin and eosin: 

eye 
liver 


gill 





heart 

ovary 

spleen 

pharynx 

intestine (4 inches from pylorus ) 

duodenal process 

brain 

bulbus arteriosus 

skeletal muscle (immediately posterior 
to pectoral fin ) 

skeletal muscle (lateral line between 
pelvic and dorsal fin ) 

stomach 

skin (dorsal aspect of head ) 

lateral line nerve 

lower intestine (34-inch from cloaca ) 

spinal cord (ventral to adipose fin). 


Also, the same organs and tissues were taken 
from a normal fish and prepared in a similar 
manner. 

A total of 797 H & E sections, about equal- 
ly divided between the control fish and the 
electrocuted fish, were made and examined 
microscopically. No abnormality in any of 
the above tissues was found. 


Fic. 7. Kymogram showing the heart action of a 9-inch rainbow trout during direct stimulation with 
a tetanizing current. The base line indicates when the circuit is closed or open, being in the low position 
when closed. The lower tracing is a continuation of the upper tracing and the circuit is closed. 
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Damage to Bone Structure as Determined 
by X-ray 

Three fish (12-inch, 14-inch, and 14-inch) 
were killed with alternating current in the 
test tank. A fourth fish, 10 inches long, to 
be used as a control, was suffocated. These 
specimens were then X-rayed. 

Of the three electrocuted fish, only the 
largest showed injury. One vertebra had a 
compression fracture and the next posterior 
vertebra showed a fracture and injury to the 
dorsal spinous process. Also, the spinal 
column was luxated at an intervertebral 
disc. Soft-tissue damage was also evident 
in the area immediately ventral to the dam- 
aged vertebra, as a result of 6 ribs being torn 
free from their vertebral attachments. Con- 
siderable extravasated blood was present 
in the intercostal tissue in the region of the 
disarticulated ribs. A subcutaneous hema- 
toma was evident on the side about an inch 
ventral to the dorsal fin and could be seen 
grossly before dissection. All of the above 
observations were further substantiated by 
post-mortem dissection. 

This study, with the exception of the 14- 
inch fish, did not disclose the high percent- 
age of physical distortions resulting from 
electrical shock as observed by other in- 
vestigators. In most instances death ap- 
peared to be due, in part, to respiratory 
paralysis. That the heart is probably not 
severely affected can be seen in the follow- 
ing kymogram (Fig. 7) in which the heart 
action is recorded during stimulation with a 
tetanizing current. The heart missed several 
beats but soon resumed a regular pace even 
while being stimulated. Death resulting 
from electric shock is in most instances prob- 
ably the result of physiological factors and 
not ruptured blood vessels, damage to bones, 
or other trauma. This is seen in instances 
in which fish are occasionally killed with 
continuous direct current which does not 
cause the severe spasms and tetany that are 
seen when one is using alternating current 
and pulsed direct current. 

As a result of this study, it appears to the 
writers that in fish less than 12 inches long 
the primary cause or causes of death result- 
ing from electrical shock are physiological 
and only occasionally due to injuries that 
can be observed grossly or microscopically. 


SUMMARY 


The galvanotaxic response of fish to op. 
tinuous direct current and pulsating direct 
current, using 0.33, 0.47, and 0.88 duty cycles 
with a triangular voltage wave shape was 
investigated. The reaction to alternatip 
current was also studied. 6 

Employing pulsed direct current, the mos 
efficient leading response occurred whe 
using an 0.33 duty cycle, pulsed at 96 times 
per second. With this type of current the 
voltage necessary to cause a good galvano. 
taxic response was reduced to 45 per cent of 
that necessary to cause a similar response 
when using continuous direct current, and 
the power was reduced to 20 per cent of that 
necessary to cause a similar response with 
continuous direct current. 

Tests using 0.47 and 0.88 duty cycle indi. 
cated that these tended to be less efficient 
than the 0.33 duty cycle. 

Observations concerning the harmful ef. 
fects to the fish resulting from the electrical 
shocks indicated that losses when using 
steady direct current or pulsed direct current 
are insignificant. It was also noted that di- 
rect current (steady or pulsed) is safer than 
alternating current. No losses occurred in 
shocking 91 fish with continuous direct cur. 
rent; 0.3 per cent mortality occurred in 
shocking 1,641 fish with pulsed direct cur. 
rent; and 4.2 per cent mortality occurred in 
shocking 46 fish with alternating current. 
The cause of death in most instances ap- 
peared to be from factors that could not be 
observed either grossly or microscopically. 

In conclusion, this study indicates that 
the efficiency of a direct-current machine 
can be increased through the use of ti- 
angular-shaped voltage pulses, 0.33 duty 
cycle, and a relatively fast pulse rate. 
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Since the turn of the century the need for 
an expeditious and simplified method of 
capturing wild animals has been recognized. 
Although various trapping and corralling 
procedures have been successfully em- 
ployed in many locales and circumstances, 
the potentialities of a drugged dart have 
warranted considerable speculation ( Bart- 
lett, 1933). 

The use of poisonous arrows for immo- 
bilizing and killing animals—including man 
—has long been an intriguing source of ma- 
terial for popular writers (Krukoff and 
Smith, 1937). Within recent years similar 
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methods for the capture and restoration of 
wild animals have been under investiga- 
tion (Hall, et al., 1953; Goetz and Budtz-Ol- 
sen, 1955; and Jenkins, et al., 1955). These 
studies have been continued, and it is the 
objective of this paper to offer a preliminary 
report on an effective and practical means 
of catching the white-tailed deer (Odocoil- 
eus virginianus ). 

Extensive experimental work directed to- 
ward this end was commenced in early 1955, 
and the curare alkaloids and synthetic cur- 
are-like compounds appeared to be in order 
for continued study. During this phase of 
the project, only one wild deer was success- 
fully taken with flaxedil (Lederle Labora- 
tories Division, American Cyanamid Co., 
Pearl River, New York), and this group of 
compounds was found to have many unde- 
sirable characteristics; further work with 
similar-acting drugs was discontinued. In a 
subsequent effort toward arbitrarily select- 
ing a drug, the strychnine salts were evalu- 
ated. Although 21 animals were taken with 
these compounds, the mortality rate was 
most discouraging (Jenkins, et al., 1955). 
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It was concluded that the ideal drug for 
these purposes must possess the following 
characteristics: (a) effective dose not to 
exceed the quantity that can be carried on 
an appropriate-sized dart; (b) stability; 
(c) rapid absorption into the systemic 
circulation; (d) rapid onset of action re- 
sulting in sufficient immobilization of the 
subject; (e) a wide margin of safety (3X 
minimum ); (f) no antidote required; (g) 
rapid elimination from circulatory system; 
(h) no drastic effect on gestation; and (i) 
no permanent damage to an animal. 

After screening numerous compounds by 
subcutaneous and intramuscular injections 
into goats, nicotine salicylate was selected 
for extensive trials. 


PHARMACOLOGICAL ACTION OF NICOTINE 


Tobacco (Nicotiana Tabacum) and its 
active constituent, nicotine, have had little 
if any rational therapeutic application other 
than psychotherapy and as a pesticide. The 
pharmacodynamics of nicotine have been 
the subject of intensive investigation since 
Langley and Dickinson (1889) demon- 
strated that topical application could pro- 
duce ganglionic paralysis. 

The term nicotine action of autonomic act- 
ive drugs refers to an evanescent stimula- 
tion followed by ganglionic paralysis; this 
typical biphasic action is present at all auto- 
nomic ganglia, myoneural junctions and af- 
fects the central nervous system, varying in 
duration and intensity as a function of dose, 
mode of administration and species of an- 
imal. The flaccid paralysis characterized in 
man and many other animals after nicotine 





Fic. 1. 


intoxication has resulted in the alkaloid be 
ing classified pharmacologically with curare 
or as possessing a curariform action (Salter 
1952). : 


MATERIALS AND METHOops 


The Instrument of Delivery 


Although various modes of propulsive de. 
livery of a drug have been described ( 
et al., 1953; Goetz and Budtz-Olsen, 1955; 
and Jenkins, et al., 1955), continued wor} 
toward perfecting an instrument of this kind 
was most essential to the project. 

Air guns were used, being conversions of 
the Crossman models 100, 101, or 1) 
(Crossman Arms Company, Rochester, Ney 
York). This conversion consisted of rebar. 
reling with seamless steel tubing, fitted jp 
the same manner as the factory barrel. The 
tubing was of the following dimensions. 
0.440-inch O.D., 0.307-inch I.D. and 20 1/4 
inches long. In order that the bolt could be 
completely withdrawn for loading, the bolt 
stop was removed. This accommodated the 
dart, which was inserted from the rear. The 
pellet seating shaft on the fore end of the 
bolt was discarded and a 1 3/8-inch piece of 
1/16-inch piano wire was silver soldered in 
its place. The dart skirt was thus seated 
forward of the air intake in the breech, 
These guns were then fitted with good-qual- 
ity low-power telescopic sights with coarse 
posts or dot reticuli to facilitate accurate 
night shooting. 

The darts were composed of low-carbon 
drill-bit shanks with points made from steel 
tubing. The shanks were sealed into plastic 
bases to which were cemented cotton-cord 


Modified Crossman air-gun. Beneath gun—from top to bottom—is shown a sealed calcium 


chloride tube containing a dart, a loaded dart and an “empty” dart. 
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Fic. 2. Diagram of dart drawn to scale. 


skirts. These darts were fabricated in the 
following manner. Sections 5/8 inch long 
were cut from 3/8-inch methyl] methacrylate 
rod and drilled longitudinally to shank di- 
ameter, 7/64 inch. The drill shanks (2 1/2 
inches in length) were then roughened on a 
coarse grinding wheel for approximately 
1/2 inch at one end and mechanically 
bonded by heat to 7/16-inch depth in the 
plastic-base sections. Recesses in the plastic 
bases were then drilled from the rear, 3/16 
inch in diameter, to the depth of the dart 
shafts (approximately 3/16 inch) and 
turned to shape and diameter in a metal 
turning lathe. Points were made from 3/16- 
inch sections of steel tubing, 3/16-inch O.D. 
and 7/64-inch I.D. These sections were soft 
soldered on the bits 3/32 inch from the tips 
and ground to a conical shape. The 1-inch 
skirts, consisting of 8 strands of No. 24 white 
cotton twine, were attached with plastic ce- 
ment in the 3/16-inch holes in the bases. The 
skirts were painted with codit reflective 
liquid (Minnesota Mining and Manufac- 
turing Company, St. Paul, Minnesota), 
which permitted observation at long range 
in the operator's light. 


Method of Applying Drug to Dart 

Powdered nicotine salicylate was massed 
by the addition of purified honey in suffi- 
cient quantity to form an adhesive, pliable 
material. This adhesive substance was ap- 
plied to the shaft of the dart and formed to 
the desired diameter. The loaded darts 
were placed in tightly closed tubes contain- 


ing granular calcium chloride to dehydrate 
and partially harden the compound; dehy- 
dration required approximately 24 hours. 
Upon removal of darts from calcium chlo- 
ride the hygroscopic nature of the alkaloidal 
salt converted it back into the readily ab- 
sorbable state. 


Hunting Procedure 

Many factors entered into the successful 
field application of this technique. Most of 
the work with deer was carried out on Ossa- 
baw Island, Georgia; therefore, the de- 
scribed approach to hunting is at present 
limited to this or similar ecological areas. 

In order to obtain ample shots and follow 
the subjects successfully, work was con- 
fined to night hunting (“jack-lighting” ). 
Where possible, the spotlighting was done 
from a small truck. When an animal was lo- 
cated, the “gunman,” preferably alone, 
made the stalk on foot as rapidly but silently 
as possible, with discreet use of the spot- 
light. The shot was made into the hind 
quarters and preferably in the gluteus me- 
dius, biceps femoris, semitendinosus or semi- 
membranosus muscles. 

Immediately after a shot, the operator 
visually confirmed the hit, and if dart pene- 
tration was obtained, a red spotlight (South- 
ern, 1955) replaced the previous white 
“jacklight.” The hunter then moved only 
enough to keep the animal in sight. If the 
observer temporarily lost sight of the ani- 
mal, a return to the white light often aided 
in relocating the subject. If visual contact 
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Brief period of excite. 
ment followed by par- 
tial paralysis, 


Became very un. 
ordinated with marked 
staggering. Ran 10) 
yards before capture, 


Brief period of excite. 
ment then down fast 
in state of partial pa- 


Standing when ap- 
proached. Near com- 
plete catalepsy. Caught 
by rear legs. 


Brief period of excite. 
ment followed by par- 
tial paralysis. Down 


Lost 2 min. after hit, 
Found 30 min. later in 
a poorly co-ordinated 
condition. Caught ani- 
200-yard 


mal after 


Brief period of excite- 
ment then down fast. 


Brief period of excite- 
ment without marked 
paralysis. Down in ex- 


Down fast in state of 
partial paralysis. 


Brief period of excite- 
ment then down fast 
in partial paralysis. 


Down fast in state of 
partial paralysis. 


Brief period of excite- 
ment then down fast in 
partial paralysis. 


Total catalepsy. Later 
went down in state of 
partial paralysis. 


Brief period of excite- 


ment. Ran for 50 yards 
then fell in a paralytic 
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TABLE 1. — DEER CAPTURED WITH NICOTINE SALICYLATE Darts 
Minutes Required 
For Before 
Deer Date of Body Wt. Dart Load Mgm./Lb. Place of Inacti- Apparent 
No.1 Capture Sex in Lbs. inMgm. Body Wt. Hit? vation Recovery 
1-P 4-13-56 M 40 200 5.0 I.M. 2.5 34 
2-W 4-14-56 F 75 200 $7 LP. 7.0 20 
3-W 4-15-56 M 57 200 3.5 I.M. 3.0 15 
ralysis. 
4-W 4-15-56 M 85 200 2.4 S.Q. 15.0 25 
5-W 4-16-56 F 75 200 a7 I.M. 5.0 20 
fast. 
6-W 4-16-56 F 88 200 2.3 I.M. ? 5 
chase. 
7-W 4-17-56 F 45 200 4.4 I.M. 2.5 14 
8-W 4-17-56 F 60 200 3.3 I.M. 5.0 8 
citement. 
9-W 6-3-56 M 136 300 2.2 I.M. 3.0 40 
10-W 6-4-56 F 70 300 4.3 I.M. 3.5 45 
11-W 6-5-56 F 80 300 3.8 I.M. 3.0 45 
12-W 6-5-56 F 80 300 3.8 I.M. 2.5 40 
13-P 7-11-56 M 115 300 2.6 I.M. 4.0 45 
14-P 7-11-56 M 105 300 2.8 I.M. 5.0 30 
condition. 
15-W 7-25-56 M 85 300 3.6 I.M. 3.5 60 


(Continued on next page) 


Brief period of excite- 
ment. Ran for approx 
mately 10 yards. Down 
fast with progressive 
paralysis. 
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TABLE 1. — Continued 
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For Before 

Inacti- Apparent 

vation Recovery 





Effect of 
Nicotine Salicylate 





No.1 


16-W 7-26-56 F 70 300 ? 


1T-W 7-26-56 M 105 300 ? 


I.M. 24.0 15 Observed animal for 8 

I.M. min. after first hit. 
Partial catalepsy but 
could still run. Lost 
animal but found 20 
min. after initial hit. 
Shot second time after 
which animal fell in 4 
min. Brief period of 
excitement followed by 
slight paralysis.3 


I.M. 48.0 90 Observed animal for 6 

I.M. min. after first hit. Few 

I.M. symptoms. Lost ani- 
mal but found 18 min. 
after initial hit. Shot 
second time, after 
which the animal fell 
in 5 min. Escaped but 
relocated 45 min. after 
first hit. Shot third 
time after which in- 
activation was com- 
plete in 3 min, Down 
fast in brief period of 
excitement; followed 
by paralysis. 





1P for penned deer; W for wild deer. 
2]1.M. indicates intramuscular hit; 

LP. indicates intraperitoneal hit; and 
§.Q. indicates subcutaneous hit. 


3Inferior quality of drug responsible for the necessity of additional shot(s) and subsequent delay in capture. 


was not established, the operator exercised 
judgment in moving into a position where 
the animal might be expected to become im- 
mobilized. After eight minutes following a 
confirmed “good hit,” if the animal was not 
under surveillance, the remainder of the 
hunting party was called in for a search. 


RESULTS 


Nicotine salicylate, delivered in the de- 
scribed manner, was tested on 21 experi- 
mental, penned goats. The effective dosage 
was established on these animals and was 
found to approximate 200-300 mgm. for 
adults weighing from 80 to 90 lbs. This 
“dart load” was also shown to be effective 
on goats weighing up to 120 lbs. and at the 
same time was safe for animals weighing as 
little as 50 Ibs. 

Although goats were immobilized in over 
100 trials with nicotine and its salts, there 


was not a single fatality. Several experi- 
mental goats were completely inactivated 
with nicotine as many as six times. These 
animals were observed for as long as five 
months, and no adverse effects from the 
drug became apparent. These encouraging 
facts, at least in part, also applied to 17 deer 
captured with the drug (Table 1). 

Animals #1, #13, and #14 were penned 
deer that were kept in a 5-acre enclosure 
where daily observations were possible. 
Deer #1 has been observed for at least four 
months following its inactivation with nico- 
tine salicylate; animals #13 and #14 have 
been observed at least one month since they 
were drugged. From all outward appear- 
ances, these subjects have experienced no 
ill effects from the procedure. 

Animals #2, #3, #4, #6, and #7 were 
wild deer taken as described and moved to 
the same enclosure. Number 2, #6 and #7 
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Fic. 3. 


(Deer #13) Complete catalepsy in animal 
that received 300 mgm. of nicotine salicylate. 


were does taken during late gestation. Ap- 
proximately four months from the date of 
capture, two of these three does were nurs- 
ing fawns. The other doe (#6) died two 
weeks after arrival at the pen. This animal 
was lost shortly after shooting, and when 
finally located 30 minutes later, the maxi- 
mum effective level of the drug had been 
excreted. A chase of approximately 200 
yards was necessary for capture, which was 
made rather roughly. It is thought that in- 
jury to the pregnant animal was inflicted at 
this time. The remainder of this group of 
animals appeared to be in excellent condi- 
tion four months after capture. Deer #5 
and #8 escaped because handling facilities 
were not immediately available. 

Deer #9, #10, #11, #12, #15, #16, and 
#17 were caught with varying degrees 
of efficiency, handled until adequate recov- 
ery had been attained, and released in the 
vicinity of capture. These hunts were con- 
ducted during the season of late gestation 
or early lactation and antler development; 
both situations rendered transportation pro- 
cedures undesirable for the animals. The 
major objective of the hunts was for demon- 
stration. 


RECOMMENDATIONS AND COMMENTS 


Although adequate testing with nicotine 
salicylate has not been completed, the fol- 





lowing recommendations and co 

pear to be in order and have becom ? 

of the standard operative procedure, 

a. The point or the “head” of a dart 
be slightly greater in diameter than 
of the drug load. This prevents sheay 
of the drug and also facilitates skin pene. 
tration. 

b. If a loaded dart is removed from the cg). 
cium chloride tube and is not used within 
a period of six hours, it should be rp. 
turned to the original container. Here j 
will again dehydrate and retain its ¢f. 
fectiveness. 

c. The Crossman air gun used for this wor 
is best shot with four or five pumps in the 
compression chamber. The maximum ¢f. 
fective range for this instrument is about 
25 yards. Long and _ uncertain shots 
should be avoided. 

d. Three hundred milligrams of nicotine sal. 
icylate are recommended as the efficient 
and safe dose for the white-tailed deer in 
this region. 

e. A good intramuscular hit is absolutely eg. 
sential for the desired results. Intraper. 
itoneal or subcutaneous injection greatly 
reduces the speed of absorption of the 
drug, and at the prescribed dosage, ex. | 
cretion often exceeds absorption, and 
adequate immobility may not occur. The 
desired effect should take place within 
approximately three to five minutes. 

f. A transitory period of excitement usually 
precedes paralysis. The excitatory phase 
lasts approximately a minute, and the 
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Fic. 4. (Deer #14) Bizarre cataleptoid state pro- 
duced by 300 mgm. of nicotine salicylate. 
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Fic. 5. 


curariform stage may persist for as long 
as an hour. Considerable salivation often 
occurs; however, this is no cause for great 
concern. Caution should be exercised 
that the tongue is protruding and that the 
nostrils are not obstructed. Holding the 
animal’s head slightly above the hori- 
zontal plane appears to “comfort” the 
patient. Within a short time the reflexes 
of the neck musculature will return and 
the latter procedure is no longer indi- 
cated. 


. Occasionally the drugged deer assumes a 


state of catalepsy, thus allowing its body 
to be molded into bizarre positions com- 
parable to those described in the classic 


ea 


, % 


(Deer #11) Examination of animal in curariform stage. 


experiments with bulbocapnine (Ama- 
don and Craige, 1936). This indicates a 
low systemic level of the drug, and rapid 
recovery may be anticipated. An animal 
in this state is usually found in a stand- 
ing position and is easily caught. This 
cataleptic phenomenon occurs in about 
15 to 20 per cent of drugged goats and 
deer; some experience is required to de- 
tect the syndrome. 


. Infrequently a vein or artery is severed 


by the dart. Although no dangeraus loss 
of blood has been encountered in these 
mishaps, an injectable coagulant appears 
to be indicated in controlling hemor- 
rhage. 
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i. Both cardiac activity and respiratory ef- 
forts of nicotine-drugged animals have 
been improved by the intramuscular in- 
jection of amphetamine salts. In work- 
ing with goats and deer, however, this 
procedure has never been deemed es- 
sential. Extreme caution should be ob- 
served in using this drug. 

j. As a precautionary measure against in- 
fection possibly introduced by the dart, 
1 to 2 million units of penicillin are rou- 
tinely administered to the patient. 

k. As further precaution in an area where 
screwworms (Callitroga americana) are 
prevalent, it is recommended that the 
dart-inflicted wound be covered with a 
reliable fly-repellent preparation. 

]. For restraint purposes, pentobarbital so- 
dium has been found to be both advan- 
tageous and safe, even though used in 
conjunction with nicotine. The recom- 
mended dose is 5 cc. (64 mgm./cc.) per 
100 lb. body weight, administered intra- 
thoracically. This makes handling of the 
animal relatively simple for at least an 
hour, and at the same time much strain 
on both the operators and captive deer 
is avoided. 

m. It appears that different supplies of nico- 
tine salicylate may show considerable 
variation in activity or “strength.” Each 
lot number of the drug procured should 
be biologically assayed before its use in 
field work. Goats are ideal experimental 
animals for testing the quality of nico- 
tine salicylate, and their response to the 
drug is identical with that of deer. 

n. Nicotine has been described as “one of 
the most toxic of all drugs and acts with a 
rapidity comparable to that of cyanide.” 
The lethal oral dose of the alkaloid for 
man is generally considered to be in the 
neighborhood of 60 milligrams, with 
death resulting from respiratory suppres- 
sion and myocardial atonia (Goodman 
and Gilman, 1955). Caution should be 
observed in handling this drug. 
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SUMMARY 


Nine factors have been listed as essential 
characteristics of a drug to be used in ¢q 
turing deer with a “dart-gun technique’ 
Nicotine salicylate appears to possess these 
qualities. An efficient means of deliverin 
the compound has also been described, Ad. 
ditional items of pertinent importance haye 
been included for consideration. 
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A BRIEF ACCOUNT OF THE DEER IN AUSTRALIA 


Arthur Bentley 


Malvern, Victoria, Australia 


No species of deer is indigenous to Aus- 
tralia, Tasmania, or any of the adjoining 
islands. The deer now established there 
were introduced during the nineteenth and 
twentieth centuries. No comprehensive rec- 
ord of their introduction, subsequent libera- 
tion, and present range exists. Little atten- 
tion has been paid to the deer by naturalists 
recording the wildlife of Australia. 

A number of factors contribute to this 
neglect. The foremost is that deer are not 
native to the country and therefore are 
lumped together with rabbit, hare, and fox 
under the heading of “introduced fauna” 
and classed as a pest. Supporting this of- 
ficial and quite general view is the wide 
recognition of the rather unique place held 
in the order of things by the native fauna. 
The Fisheries and Game Departments of the 
various states are, generally speaking, little 
concerned with the introduced species; the 
deer are not recognized as the magnificent 
game animals that they are, and consequent- 
ly their control and management receives 
next to no attention. 

Often deer were turned out in secret—a 
precaution taken to prevent valuable game 
from being destroyed by irresponsibles be- 
fore it had sufficient time to become estab- 
lished. Because the acclimatisation move- 
ment was at its height at a time just beyond 
the range of present living memory, and be- 
cause few records were kept, knowledge of 
many of the attempts to introduce game to 
Australia are lost to us. It is therefore dif- 
ficult to collect the information necessary 
for a complete survey of deer in this area. 
= greater part of the work remains to be 

one. 


METHODS AND MATERIALS 


Since 1937, but excluding the war years, 
deer in Australia have been my major leisure- 
time interest, and the bulk of the informa- 
tion in the present paper is the result of my 
own observation and inquiry. The present 
paper is a summary of a mass of detail that 
I have gathered during these years. My 
initial knowledge of the acclimatisation 
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scheme and early shipments of deer came 
from the study of the Reports of the Royal 
Victorian Acclimatisation Society, 1870-74, 
from Edward Wilson’s pamphlet Acclima- 
tisation (Unwin, London, 1875), and from 
a seemingly endless search in the files of the 
Melbourne newspaper, The Argus, from 
about 1860 forward. 

My next step was to duplicate a ques- 
tionnaire that I posted to police officers, 
school principals, and to Lands Department 
and Forestry officers in districts where deer 
had been turned out or were rumoured to 
be. With the help of information supplied 
by these people, I was able to get in touch 
with individual persons who had local deer 
information. Sometimes I was fortunate and 
found persons whose parents or grandpar- 
ents were responsible for having imported 
or liberated the deer. I also used the press 
and radio to find further sources of infor- 
mation. Finally, I made personal inquiry at, 
and sometimes hunted, practically all local- 
ities mentioned in the present paper, except 
those in Western Australia, Tasmania and 
Northern Territory. 


THE ACCLIMATISATION SCHEME 


In the latter half of the nineteenth century, 
the interest in transplanting animals, birds, 
and plants from one country to another was 
world-wide. Acclimatisation societies were 
formed in many countries with a view to the 
wider distribution of useful species. 

In Australia, after the economy of the 
early settlements was secure, many of the 
more well-to-do colonists sought for their 
pleasure to introduce certain game animals 
and birds from the Northern Hemisphere. 
Many settlers, too, longed for the familiar 
sights and sounds of the faraway lanes and 
hedgerows of their native land. So, besides 
the shipments of deer, foxes, rabbits, and 
hares, came consignments of blackbirds, 
thrushes, linnets, skylarks, sparrows, and 
other common British birds to the new land 
in the south. 

It was not long before individual effort 
along these lines became organized, for the 
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idea had many influential supporters. Fore- 
most among these was Edward Wilson, 
philanthropist and one-time owner of the 
Melbourne newspaper The Argus. It was at 
a public meeting convened by this gentle- 
man in 1861 that the Victorian Acclimati- 
sation Society was formed. Edward Wilson 
continued his work throughout Australia, 
and eventually all the states had their own 
societies. These groups received support 
from the government by grants of land and 
money, and there developed a flourishing 
exchange and sale of fauna. Ships’ captains, 
at government instigation, were instructed 
by the owners to offer every facility to per- 
sons and organizations shipping livestock 
between countries. Some lines serving Aus- 
tralian ports carried fauna free of charge. 

Between 1860 and 1880 occurred the peak 
of importations of deer. After 1880, ship- 
ments declined and no record has been found 
of an importation between 1910 and the 
present time. 

As most liberations of deer were made in 
Victoria, New South Wales, South Australia, 
and Queensland, it follows that the greatest 
concentrations occur in the timbered ranges 
of eastern and southeastern Australia. 


Species OF DEER INTRODUCED 


Rep Deer (Cervus elaphus).—The red 
deer in Australia are descendants of animals 
from Windsor Great Park and Knowsley 
Park, England. The original animals were, 
in many cases, presented to the acclimatisa- 
tion societies by the late Queen Victoria. 
The finest herd to be raised from a nucleus 
of Windsor Park deer was that established 
at Werribee Park, Victoria, by the late 
Thomas Chirnside. Deer from this herd 
roamed the rich plains of western Victoria 
around the turn of the century. Closer 
settlement of the area has since driven the 
deer into the cover of the ranges. Deer 
from Werribee Park were distributed to 
other owners of large properties in the 
Western District, and stags were shipped to 
New Zealand in an attempt to improve the 
Otago herd there. 

Knowsley Park deer were imported by 
the Melbourne Hunt Club to form a herd 
to be used for stag hunting. It has not been 
possible to trace the fate of all these animals, 
but there is little doubt that Victoria’s pres- 
ent red deer population owes something to 
the Hunt Club. 


The species is plentiful in Quee 
the mountainous country at a heed 
Brisbane River. In 1915, the Queensland 
government liberated a number of red q 
on Hinchinbrook Island off the coast. Th 
animals were intended to be a source of 
food for any persons unfortunate enoy, 
be shipwrecked on Hinchinbrook. This 
island is mountainous and covered by dense 
tropical vegetation. As it is uninhabited an4 
visited only by prospectors and occasiong| 
fishermen, it is not definitely known jf deer 
still survive on the island. There is evideng 
to’ suggest that the deer have crossed to the 
mainland—this entailing a swim of one ¢; 
one and one-half miles at the narrowest part 
of the strait. 

In South Australia, red deer were onc 
numerous in the southeastern part of the 
state. Their origin is somewhat obscure, and 
it is thought by some residents of the locality 
that they migrated from the Western Dj. 
trict of Victoria. This suggestion is not im. 
probable, but it is more likely that the dee 
are descendants of animals sent from the 
Werribee Park herd to some of the larger 
stations in this part of South Australia. The 
red deer in the southeastern part of this 
state are steadily decreasing, and there may 
have been some movement westward. This 
is supported by a reliable report that a herd 
of about 12 red deer was seen some miles 
northwest of Lake Bonney. Here there isa 
vast area where the species could easily be. 
come established. 

At least two concentrations of red deer 
occur in New South Wales. The first of these 
is located in and about the national park 
south of Sydney. Although red deer are 
often blamed for damage to crops and gar- 
dens in this area, fallow deer predominate 
there. To date it has not been possible to 
define accurately the range limits of the 
national park deer; there appears to bea 
definite spread toward the south. 

The second concentration of this species 
in New South Wales is located in the south- 
eastern part of the state near the Victorian 
border in the area known as the Quidong. 
The deer are descendants of a number that 
were kept in enclosures on a station property 
near Bombala before the 1914-18 war. Oc- 
casionally, deer escaped from the enclosures 
and in 1918, when the property was sold, 
the deer were liberated into the bush. They 
appeared to thrive, and groups of up to ten 
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animals have been sighted. There are indi- 
cations that the deer have penetrated into 
Victoria and are moving south down the 
Bemm and Brodribb rivers. ‘ania? 

Red deer from Werribee Park, Victoria, 
were sent to West Australia and turned out 
near Pinjarra where they quickly became es- 
tablished. In recent years little has been 
heard of them. It does seem certain that 
they still exist in the waste land toward the 
coast from Pinjarra, but nothing is known of 
theirnumbers. Certainly they are not nearly 
so numerous near Pinjarra as formerly. A 
possible explanation for their decrease may 
lie in the presence in this area of the zamia 
alm (Macrozamia fraseri), a poisonous 
plant that causes partial paralysis of animals 
that feed on it. Cattle will survive for several 
years when so afflicted, but the effects on 
deer may be more severe. 


Fattow Deer (Dama dama).—Fallow 
deer are widespread in the eastern midlands 
of Tasmania. Their main range can be de- 
fined by a line drawn from Campbell Town 
to Evandale, Lake Leake, Swansea, and 
Ross. However, they do occur outside this 
area. The herds originated from English 
importations about 1850. They were intend- 
ed for hunting, and during the hunts bucks 
escaped into the bush. Subsequently, does 
were liberated intentionally so that the spe- 
cies would become established in a wild 
state. Shipments of fallow deer were sent to 
other parts of Australia from Tasmania. At 
least one consignment was sent to the South 
Island of New Zealand for liberation at Cul- 
verden. 

Until the winter of 1953 it was thought 
that the fallow deer, which were once plenti- 
ful in the hills about Adelaide, South Aus- 
tralia, were shot out. In that winter, how- 
ever, a small group was sighted north of the 
city. By far the largest concentration is lo- 
cated in the pine forests and scrub country 
within the general boundary of a triangle 
formed by a line from Mount Gambier to 
Millicent and Naracoorte. Another large 
herd is running on private property near 
Two Wells, having been first liberated in 
this locality in 1917. 

In Victoria the species is limited to three 
comparatively small areas. The first is in the 
ranges about Healesville in east-central Vic- 
toria. The second is a small “overflow” herd 
from New South Wales and is located west 


of Albury on the Murray River. The third is 
a penetration from southeastern South Aus- 
tralia into the country near Casterton. 

Four localities in New South Wales hold 
fallow deer: (1) the country along the east- 
ern bank of Lake George, (2) the national 
park in New South Wales, (3) the hills east 
of Albury along the northern bank of the 
Murray River, and (4) the New England 
ranges about Glen Innes, where six deer 
were first liberated in 1926, and 300 were 
counted a few years ago during a severe win- 
ter. Reports of individual animals from the 
Monaro Plains in southern New South Wales 
may indicate the location of another herd or 
herds there. 

In Queensland, fallow deer are well estab- 
lished near Toowoomba. In 1916, along 
with the sambar and barasingha deer, 50 fal- 
low deer were released on the Coburg Pen- 
insula in the Northern Territory. There are 
recent and reliable reports of deer on the 
peninsula, but no description accompanies 
them. This is another area from which de- 
tailed reports are exceedingly difficult to ob- 
tain. Three or four liberations of fallow deer 
were made at Cape Leeuwin, West Aus- 
tralia, in the last century. About the time of 
the 1914-18 war the Acclimatisation Society 
reported that they were thriving. 


SaMBAR Deer (Cervus unicolor).—In 
Australia the stronghold of this big deer is 
Victoria. The greatest numbers are to be 
found in the Gippsland forest in eastern Vic- 
toria. There are also two locaiities in the 
western part of the state where they occur— 
in the Grampians and in the timbered coun- 
try at Mount Cole. They are also plentiful on 
French Island off the southern coast. This 
species was also released in West Australia, 
in New South Wales in the national park, 
and on the Coburg Peninsula in the North- 
ern Territory. Only from the last-named lo- 
cality have animals fitting the sambar’s des- 
cription been recently reported. 


Mo.uccan Rusa (Cervus timorensis mo- 
luccensis ).—In 1910 this variety of deer was 
liberated on Friday Island off Cape York 
Peninsula, North Queensland. They did re- 
markably well and spread to adjoining 
Prince of Wales Island, swimming about 
three-quarters of a mile in shark- and croco- 
dile-infested water to do so. Both islands are 
now well stocked. Around 1914 a number of 
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these deer were taken from Friday Island 
and turned out on Possession Island, some 
miles away, where they are still established. 
Between Possession Island and the main- 
land are a number of islands thet may form 
a convenient line of migration to the main- 
land. A deer was once seen swimming in 
the sea near these islands by the crew of a 
small ship. Sambar and rusa were turned out 
in the same area in Gippsland, Victoria, and 
it is possible that they have crossbred. Al- 
though a few rusa are shot in this area, they 
are becoming quite rare. Rusa were also lib- 
erated in the New South Wales national 
park, and they are still established there. 


Hoc Deer ( Axis porcinus ).—This species 
is well established in many localities in 
southeastern Victoria. It prefers the grassy 
coastal flats and has not penetrated far into 
the foothills. Hog deer are also numerous on 
some of the islands off the southeastern 
coast. An unconfirmed report locates the 
species in a locality near Holbrook in New 
South Wales (approximately 50 miles north 
of Albury). 


Axis Deer or Cuirat (Axis axis).—To 
date only two herds of axis deer have been 
located. One herd, the larger of the two, is 
near Charters Towers in Queensland. It was 
established about 1866 by the introduction 
of a stag and two hinds by William Hann. 
The other herd is located in the Grampians, 
a mountain range in western Victoria. The 
size of this herd is not known, but indi- 
viduals from it are seen frequently. They are 
not hunted, as the area is a sanctuary. 


BarasincHA (Cervus duvaucelii) and 
JAPANESE Sika (C. nippon).—Both of these 
species were liberated in Australia in the 
last century, and a few years later they were 
reported to be doing well. In southern 
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Gippsland the writer has seen deer th 

closely resemble the sika. It is not unlibel 
that both species are established somewher 
in Australia. ad 


EcoLocicaL Notes 


Natural Enemies of the Deer in Australia 
—These are very few. Wild dogs, a tem, 
that includes the dingo (Canis dingo), ma 
be the most important, although it is ‘diff, 
cult to appraise their exact effect on deo, 
populations. In eastern Victoria, as close as 
50 miles from Melbourne, there are many 
wild dogs. These are domestic dogs “gone 
bush” with an odd dingo here and there 
among them. They may account for a few 
sambar calves; but wallabies, kangaroos 
and other native animals would be their sta. 
ple food. Dingos do prey on the herd of axis 
deer located near Charters Towers jy 
Queensland. Crocodiles (Crocodylus poro. 
sus) will undoubtedly take a few of the 
rusa on Friday and Prince of Wales islands, 
It is possible that bush fires would destroy 
a number of deer in some localities. Deer in 
Queensland are frequently infested by cat. 
tle ticks and have been noted to be in poor 
condition. 


Food Plants——In Australia the deer popu- 
lation is not large and only makes itself felt 
in isolated localities. Complaints of deer 
damage come mainly from potato grower 
and orchardists. No timber trees are dam. 
aged by them in southeastern Australia, as 
the native eucalypts are unpalatable to deer. 
There is a wide variety of native plants that 
are plentiful and favored by the deer, in- 
cluding two or three kinds of ferns, several 
native grasses, and a number of shrubs. 
There is an abundance of food, and a “poor” 
deer is never seen, except in the tick-infested 
country of Queensland. 


Tasie 1. — Huntinc TAKE By ONE Hounp PACK IN GIPPSLAND 








: Number of Sambar Deer Taken 











Year Months Hunted Stags Hinds Sex Unknown Total 
1954 March to December 23 18 3 44 
1955 January to December 33 24 1 58 
1956 January to September 15 14 3 32 
- Totals taken 71 56 7 134 
56 44 a 100 


Per cent by sex 








1 Owned by S. A. Ashford of Gembrook, to whom the author is much indebted for his cooperation in this study. 
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REPRODUCTIVE CLASSIFICATION OF SOME SAMBAR DEER KILLED IN VICTORIA SINCE 1950! 




















TABLE 2. — 
———eeeeooooooo P= 
—_ Months 
3 2 3 4 5 6 7 8 9 10 i2 12 Total 
—— 
Number of stags killed 9 2 9 Ill 9 i129 15 0 5 3 3 5 93 
Antler development 
- be _ 1 _ 7 7 . - , 2 . , - ‘ 
Under one-half 2 1 1 6 - 3 - _ “ 2 15 
Over one-half 1 - 7 4 3 3 2 _ _ _ _ 1 21 
Complete” 6 - 1 1 6 6 13 9 5 1 2 2 52 
Number of hinds killed 1 2 5 8 9 if 1% 2 2 4 3 80 
Fetal development 
Ses ~— -— « § t+ + Se BS eo = 
Less than half - ~ i 1 1 2 l * 7 3 _ 3 
Half to full 1 - 3 2 5 7 3 3 - l 2 27 
Young calves ~ 2 2 2 2 5 ‘4 4 1 l - 1 27 
Total both sexes 10 4 14 19 18 29 30 173 


iS 
~] 
; 
~] 
Oo 
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1Includes animals shown in Table 1. 
2 Antlers fully developed, hard and clean. 


Hunting —Of all deer concentrations in 
Australia, there is little doubt that the sam- 
bar and the hog deer in Gippsland sustain 
the heaviest hunting pressure. They have 
been legally hunted for upwards of 30 years 
without regard for sex or season. It is the 
opinion of hunters of long experience that 
there are as many sambar in Gippsland to- 
day as at any time previously but that they 
are much more widespread. 

The much-hunted hog deer has also in- 
creased its range, to the east along the coast- 
al flats. Its numbers are sustained by a nat- 
ural movement from the Wilson’s Promon- 
tory National Park and possibly from one or 
two close-lying islands which are also sanc- 
tuary for this species. 

Elsewhere in Australia, with the possible 
exception of Tasmania, hunters’ toll would 
have no pronounced effect on the deer pop- 
ulation under conditions prevailing at the 
time of my writing (1956). 

In Victoria the best deer country is heav- 
ily timbered, steep, and has thick under- 
growth. Because of this, hounds are used to 
hunt deer. They are usually foxhounds or 
bloodhound-foxhound crosses; and they 
are, of course, followed on foot. It is a stren- 
uous sport. In other states of Australia, deer 
are walked-up or still-hunted. The number 
of sambar taken by one pack of five hounds 





in Gippsland is shown in Table 1. There are 
probably 12 to 15 similar packs hunting in 
Gippsland but not all with such success. 
Most hunting is carried on during the cooler 
months of March to October. In one sample 
that I studied (Table 2), 55 per cent of the 
stags taken possessed fully developed ant- 
lers and 64 per cent of the hinds had calves 
or fetuses. 


SUMMARY 


The peak of importations of deer in Aus- 
tralia took place between 1860 and 1880, the 
last of record being before 1910. Red deer 
are plentiful in mountainous terrain at the 
head of the Brisbane River, are decreasing 
in South Australia and West Australia, and 
occur in two concentrations in New South 
Wales. Fallow deer are well established in 
Tasmania and in Queensland, hog deer and 
sambar deer mainly in Victoria, and rusa 
deer mostly on islands. Axis deer persist in 
only two places. Wild dogs, including dingo, 
may possibly be the most important natural 
enemies of deer. Cattle ticks may have a det- 
rimental effect on them in Queensland. The 
deer herds are not large and do little dam- 
age to timber, much of which is unpalatable 
to these animals. 


Accepted for publication October 3, 1956. 





A TECHNIQUE FOR SAMPLING MOURNING DOVE PRODUCTIoy: 


]. F. Jumber, H. O. Hartley, E. L. Kozicky and A. M. Johnson? 


Iowa Cooperative Wildlife Research Unit, Iowa State College, Ames 


With an increased interest within the 
state of Iowa on the status of the mourning 
dove, Zenaidura macroura (Linn.), it was 
deemed advisable to obtain some compara- 
tive production figures for Lewis, lowa, and 
some surrounding farm areas, where Mc- 
Clure (1943) had worked from 1938 
through 1940. 

One of the obstacles to be surmounted 
was the increase in the number of trees with- 
in the town of Lewis. In 1938, a survey 
showed 1,658 trees over 2 inches in diameter 
on the 160 acres that comprised Lewis, 
Iowa; whereas, in 1955, there were 3,363 
trees. Therefore, it was evident that a com- 
plete survey of all trees by one man, the 
method used by McClure, would not be 
feasible along with other assignments on 
mourning dove ecology. Some type of samp- 
ling plan was nendell 


FIELD METHODS 


With McClure’s data on 2,886 nests for 
1938-1940 revealing that more than 98 per 
cent of the nests were found in trees, the 
problem became one of sampling the 3,363 
trees for the presence of dove nests. Since no 
recent information was available on the dis- 
tribution of dove nests within the town of 
Lewis, it was decided to stratify the town 
into 14 strata with each stratum containing 
about the same number of trees. Further, 
each stratum was divided into six blocks 
with each block containing about the same 
number (40) of trees. The general shape of 





1Journal Paper No. J-2961 of the Iowa Agricul- 
tural Experiment Station, Ames, Iowa. Proj. No. 
1275. Fish and Wildlife Service (U. S. Department 
of Interior), Iowa State College, Iowa State Con- 
servation Commission, and the Wildlife Manage- 
ment Institute cooperating. 

2Graduate Assistant, Department of Zoology and 
Entomology; Professor, Department of Statistics; 
Leader, Iowa Cooperative Wildlife Research Unit 
(present address: Department of Conservation, 
Olin Mathieson Chemical Corporation, East Alton, 
Illinois); and Graduate Assistant, Department of 
Zoology and Entomology, respectively, Iowa State 
College, Ames, Iowa. 


both blocks and strata was that of a square 
depending on the distribution of trees.’ 

Another problem revolved around the dif. 
ference in tree size; diameter at breast 
height ranged from 2 to over 40 inches, Some 
of the smaller trees, depending on species 
were easily examined from the ground 
whereas others were thought to necessitate 
climbing for accurate nest counts. A ground 
count of mourning dove nests was made fo; 
all the trees comprising the sampling unit 
40 trees. In addition, a record was made of 
any tree within the sampling unit whe 
there was any doubt of the accuracy of the 
ground counts. Then, a random sample of 
two trees was drawn from the group with 
doubtful ground counts, and these two trees 
were climbed. Hence a sample check was 
made on all trees with doubtful ground 
counts. No mourning dove nests were found 
on the ground in Lewis, Iowa, in 1955, 

The sampling rate was two blocks a day, 
and each block necessitated two to three 
hour’s work. With 14 strata in the town, a 
sample survey of Lewis was made twice 
every month. The order in which the six 
blocks in each strata were visited was ona 
restricted random basis after the first seni- 
monthly period. This order was repeated 
after the first cycle, May 1 to August 1. 

In order to check on the establishment of 
new nests within any semimonthly period 
one set of blocks was retained and a new set 
was added, one in each stratum. The order 
in which each of the 14 strata was visited 
during the semimonthly period was on ate- 
stricted random basis. 

All observed dove nests were checked 
with the aid of an offset mirror on a series of 
6-foot sections of aluminum pipe. With this 
instrument it was possible to check nests a 
high as 40 feet above the ground. Also, it 
was a simple procedure to obtain the height 
of the nest above the ground and the dis 
ance from the trunk of a tree. A history ofall 
nests was maintained by visiting active nest 
at least once every three days. Nests that 
were not successful in producing juvenile 
doves were deleted from computations 0 
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g dove production; however, their 


urnin :. . . 
history was used in computing other biologi- 


il data, such as causes and the amount of 
nest and nestling destruction, number of 


s, infertility, etc. 
OF e sampling scheme was inaugurated on 


May 1 and continued to October 1, 1955. No 
active nests were found between September 
15and October 1. Between April 1 and May 
|, 1955, all of the trees in Lewis were 
checked, but with the advent of leaf foliage, 
the task became too time consuming for one 


mAlhough the scheme of checking two 
trees with doubtful ground counts for 
mourning dove nests was continued through 
the sampling period, only once was an ad- 
ditional nest found by climbing. Conse- 
quently, the accuracy of the ground counts 
was beyond expectations and permitted the 
development of a simpler estimator of dove 
production and associated variance. How- 
ever, with different observers and/or spec- 
ies of trees, considerable variation might be 
found between ground counts of dove nests 
and counts obtained by climbing the trees. 


RESULTS AND ANALYSIS 


The production of mourning doves is esti- 
mated by the number of juvenile doves pro- 
duced from nests observed during the semi- 
monthly sampling periods, regardless of the 
date that the doves left the nest (Table 1). 
The normal term of egg laying, incubation, 
and rearing of young is about 30 days ( Mc- 
Clure, 1943). 

Prior to May 1 a complete count of dove 
nests for Lewis was available. Therefore, 
during the first two weeks of sampling ( May 
1-15), the number of active nests in blocks 
6 and 4 (Table 1) for all 14 strata that 
started prior to May 1 was known. After the 
first two weeks, that is, from May 15th on- 
wards, the information for the two blocks 
differed. One of the two blocks in each 
stratum, blocks 4 for the period May 15 
through May 30, was retained from the pre- 
Vious period and it was possible to record for 
each of these blocks 4: (1) young pro- 
duced from eggs in nests started before the 
beginning of the period, called “Previous 
Observed Production” in Table 1 (11 young 
for all blocks 4 combined); (2) young pro- 
duced from eggs in nests started before the 
end of the period, called “Observed Produc- 


TABLE 1.— SAMPLING OF MOURNING DOVE 
Propuction, Lewis, Iowa, 1955 











Previous 

Observed Observed 

Semimonthly Produc-  Produc- 

eriod Blocks tionl tion2 Production 

Prior to May 1 All ~ — 24 
May 1-15 6 9 2 7 
4 14 4 10 
May 16-31 4 17 1l 6 
3 1l - a 
June 1-15 3 36 1l 25 
5 9 - = 
June 16-30 5 18 4 14 
1 20 - - 
July 1-15 | 12 6 6 
2 ll - - 
July 16-31 2 16 7 9 
6 14 _ ~ 
August 1-15 6 16 6 10 
4 22 -- 
August 16-31 4 14 8 6 
3 2 - = 
September 1-15 3 4 2 2 
5 15 = _ 





1 Observed Production=young produced from eggs in nests 
started during the period. 

2Previous Observed Production=young produced from 
eggs in nests observed during the previous semimonthly 
period. 


tion” in Table 1 (17 young for blocks 4); 
and (3) young produced from eggs in nests 
started during the period called “Produc- 
tion” in Table 1 (6 young for blocks 4). This 
is the difference between items (2) and (1). 
Inasmuch as no information was available 
on nests started during the previous semi- 
monthly period, May 1 through May 15, for 
blocks 3, only item (2) “Observed Produc- 
tion” was available for these blocks. If we 
now assume that the ratio of “Production,” 
item (3), to “Observed Production,” item 
(2), is approximately the same for the two 
sets of blocks, then an estimate of the “Pro- 
duction” in blocks 3 is given by the ratio esti- 
mator: 


( Production in blocks *) Observed Produc- 


* tion in blocks 3 





Observed Produc- 
tion in block 4 


Therefore, substituting from Table 1 (May 
16-31): 

7 - 11 = 3.9 young 
The mathematical formulation for this ratio 
estimator is as follows: 


ys — Actual production from eggs in nests 
started during the st» semimonthly 
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period in blocks retained from the 
(s—1)*t semimonthly period 
xg = Total “observed production” from 
all eggs in the above blocks during 
the st® semimonthly period 
x4 = Total “observed production” from 
all eggs in the blocks newly intro- 
duced during the s* semimonthly 
period. 
Then, the ratio estimate for the total pro- 
duction during the s‘* period is given by 


3 [ss +-(¥8)s = 3 for Pen | = 30 
ieee 


where the factor 3 allows for the fact that 
the total area is 3 times as large as the sets of 
blocks sampled in the 14 strata during a 
semimonthly period. 

The ratio estimator (1) for any semi- 
monthly period after May 15 can be written 
as follows: 

; — ere 

Ys = 3 = 7 (Xs +Xg) ws (2) 

Xs 

The estimator for production for the last 
eight semimonthly periods after May 15 is 
therefore given by: 


9 , 
o © Ys 2°10" 
¥(s=2....9) = 3 Zz. x. (Xs+Xs) = > Ys 
s 8 


S=2 Xs 


The above estimate is technically known 
as a ratio estimator in double sampling. The 
sampling scheme consists of two samples of 
blocks; that is, the first sample, two blocks 
from each of the 14 strata, for which the x 
values are recorded and a second sample 
(subsample of the first), one block from 
each of the 14 strata, for which the y value is 
also recorded. 

To this estimate of production (3) will 
have to be added the estimate of the pro- 
duction prior to the end of the first period 
(Table 1), ie. prior to May 15, which we 
may designate as 41: 


$1, =3(yity,)+24=3(7+10)+24=75 
. (4) 


Where 3(y, + y;) equals the estimate of 
mourning dove production between May 1- 
15 in blocks 6 and 4, respectively, and 24 is 
the complete enumeration of all young pro- 


duced from nests in the town of L 
to May 1 (Table 1). 

Therefore, the estimate of mourning doy 
production for Lewis, Iowa, in 1955 may be 
written: 


€wis prior 


¥=N+Y s=2.....9) 
Substituting from Table 2: 
$=75+420=495 


In order to estimate the variance of such 
an estimator, we find that only one y Value 
is available for each of the 14 strata. There. 
fore, it is necessary to follow the customary 
device of “collapsing” neighboring strata 
into 7 strata pairs (L = 7) containing 19 
blocks each (N = 12). Now within each 
stratum we find a “first sample” of n' = 4 
blocks was drawn for which x values are re. 
corded, and a second sample (subsample) 
of n= 2 blocks selected from these four 
blocks for which y values have been te. 
corded as well. 

It can now be shown that the estimator ¢, 
has the following approximate variance 
formula: 


ra ed . Db i. ] n’\.,| 
)=NeL4! 1-2 )ss re. fm” 
Vs) 2( n’ 2 neta x) 
ical 


where 


S? = the average within stratum vari- 
ance of the y 


= the average within stratum 
variance of the y — Rgx with 


9 
Q2 
My—Rgx 


TABLE 2. — EsTIMATED PRODUCTION OF MOURNING 
Doves, Lewis, Iowa, 1955 








Standard Error 








a of Estimate 
a 

Date Blocks paleaiin Vv 
Prior to May 1 All 24 

May 1-15 6-4 51 14.0 
May 16-31 4-3 30 18.0 
June 1-15 3-5 94 36.7 
June 16-30 5-1 89 215 
July 1-15 1-2 35 15.9 
July 16-31 2-6 51 19.6 
August 1-15 6-4 7 15.0 
August 16-31 4-3 21 17.8 
September 1-15 3-5 29 11.0 
Estimated total production 495 

Standard error of estimated total production 60 
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Re defined as the ratio of the populations 


«+ @) 


This formula agrees with that given by 
Cochran (1953, p. 282) for the special case 
of one stratum (L = 1) of infinitely large 
size(N>o). ; 

In order to estimate the above variance 
from the data, let us denote by 

Ay's = Difference between the two ac- 

tual productions in the two blocks 
in the it stratum pair retained 
from the (s—1)* period, where i is 
the strata pair index. 

Ax’ = Difference between the two cor- 
responding values of the total pro- 
duction in the same two blocks. 

rs = y':/X's 

Using these quantities in conjunction with 
(5) to obtain an estimate v (¥s) of V (¥s) 
or remember that for collapsed strata the 
variances S? and S;—Rgx may be 
respectively estimated by 44(Ay’i)? and 
14(Ay'a — TsX'si)? so that- with n = 2, 
n' = 4and N = 12 we obtain here 


va Sass rpg ext tayat 
v(¥s) = 2 1444 g(Ays—tsXs) +75(Ays)? ¢ 


means; i.e., Rg =Vg / Xs 


This gives an estimate of the variance of 
ys the estimated production during the s*® 
period (for s = 2, 3,...., 9). During the 
first period, y values were observed for both 
blocks in each stratum and the variance 
estimation followed standard procedures 
here as no double sampling occurred; that is, 


14 
v(t;) = 6 >> (Ay)? 
c=] 
where Ay denotes the difference between 
the two values in each of the 14 strata. 


The standard errors v({s) of the esti- 
mates in the individual periods are given 


in Table 2. Now an estimate of the vari- 
ance of production during all periods is 


9 
v(¥) = >> v(¥s); which is the sum of the 
s—1 


variances of the individual estimates of semi- 
monthly periods. In doing this we have 
neglected certain correlations in dove pro- 
duction between consecutive periods, but 
these correlations were estimated to be 
negligible. 

McClure (1943) indicated that produc- 
tion of doves for Lewis, Iowa, 1938-40, aver- 
aged 1,108 juvenile doves; consequently, 
production in 1955, 488 juvenile doves, was 
only 44 per cent of the 1938-40 level. This 
drop in production for the town of Lewis 
may or may not be indicative of southwest 
Iowa. Mourning doves do shift their breed- 
ing populations as indicated by McClure for 
Lewis in 1938-40. Also, there may be more 
suitable nesting habitat at the present time 
throughout southwest Iowa than there was 
in 1938-40. 


SUMMARY 


A technique for estimating mourning 
dove production by making counts of doves 
fledged from nests located in sample blocks 
of trees is presented for Lewis, Iowa, for 
1955. The semimonthly and annual esti- 
mates of dove production and the standard 
errors of the estimates are given. A compar- 
ison of annual dove production is made be- 
tween the periods 1938-40 and 1955. 
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ANIMAL CYCLES AND FOOD 


J. Burton Lauckhart 
Washington State Game Department, Seattle 9, Washington 


The subject of animal-population cycles 
has been quite thoroughly reviewed in re- 
cent literature. Some of the old ideas re- 
garding the cause of such cycles have been 
reappraised and several new theories have 
been advanced. Palmgren (1949) and Cole 
(1951) have proposed that the so-called 
cycles are merely random fluctuations in 
animal numbers. Lack (1954b) has con- 
cluded that predators may be responsible for 
the regular cyclic decline in some animal 
populations, and Siivonen and Koskimies 
(1955) have presented evidence to show 
that a lunar cycle may be the immediate 
cause for these animal cycles. It is not the 
intention of this paper to disprove any of 
these theories, but rather to present evi- 
dence to show that these cycles may be 
merely the result of variations in quantity 
and the nutritive quality of available food. 

Braestrup (1940) suggested that a decline 
in the quality of food as a result of a regular 
climatic change may cause hare cycles, but 
subsequent study did not bear out the cli- 
matic cycles. He also expressed the belief 
that nutritional problems may result from 
overutilization of key food species long be- 
fore any general overutilization of the food 
supply is apparent. Grange (1949) proposed 
that cycles were the result of the interreac- 
tion between herbivorous mammals and 
their food supply. Such a simple cycle, like 
the waves in the ocean, assumes that the 
animals’ populations build up until they 
consume all of the food, then die off and 
rebuild again after the food supply has re- 
covered. Recent studies of lemming popu- 
lations at Point Barrow, reported by Thomp- 
son (1955), suggest a cycle almost that 
simple. He reports that almost all vegeta- 
tion was consumed at the peak of the three 
to four-year cycle. Although Thompson 
concluded that the cycle was due to a com- 
bination of predation and food and cover 
depletion, it is quite apparent that some 
cycle would have resulted even if the pre- 
dators were absent, as most of those lem- 
mings taken by predators were already 
doomed to starvation. An indication that 


rabbits may also respond to such a simple 
starvation cycle is found in reports that th 
sometimes severely damage their “a 
food plants during peak years (Bailey, 194g. 
Grange, 1949; and Cowan, 1950), he. 
ever, such examples of direct starvation 
limiting herbivore populations are relatively 
uncommon in nature, since (in my opinion) 
malnutrition, not starvation, usually sets the 
population limits. Most animals resort t) 
so-called “stuffing foods” (Leopold, 1933) 
rather than succumb to direct starvation, 
Actually, the rabbits mentioned above which 
were damaging their ranges, probably were 
consuming foods that were well below their 
minimum nutritional requirements. 

Most living things have a reproductive 
capacity that keeps their population at ep. 
vironmental capacity, and the most impor. 
tant single component of that environment 
is food. This is borne out by Lack (1954a), 
who concludes that many bird species are 
“limited in numbers by their food supply.’ 
Starker Leopold (1955) gives further sup. 
port to this conclusion when he states that 
food is the “all-important” regulator of deer 
numbers. 

Herbivores consume first their sustaining 
food plants; when these are gone, they tum 
to marginal food plants, and if they in tum 
are all used, they must resort to submarginal 
species that are below their minimum nutr:- 
tional requirements. However, the differ- 
ence between the marginal and submarginal 
foods may be so minute that it cannot be 
detected by any known method of analysis 
During the winter, or bottleneck period, 
most northern herbivorous populations are 
in my opinion forced to utilize foods that are 
nutritionally close to the minimum necessary 
to sustain life. The pressure of reproduction 
tends to keep the population at this mal- 
nutritional threshold. The animals that are 
forced below this threshold do not imme- 
diately die, but, generally weakened, are 
less able to protect themselves. They are 
more susceptible to the attacks of parasites 
and disease, and they show a lower rate of 
reproductive survival (Allen, 1954). These 
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are all symptoms that are commonly found 
ina cyclic population in its declining phase. 
For example, Green's work (1939) on ‘shock 
disease” of rabbits suggests a nutritional 
deficiency as the primary cause. MacLulich 
(1937) showed that several diseases may be 
involved in the decline of some cyclic 
species. Low reproduction, or low survival 
of young, has been found in most studies of 
the decline of cyclic animals (Bump, et al., 
1947; Edminster, 1947; Siivonen, 1952; Lack, 
19542). These correlations are circumstan- 
tial evidence that cyclic decline is nutri- 
tional, probably associated with either a 
decline in the quantity or quality of the food 
ly. 
ee ckimies (1955) suggests that cyclic 
losses of northern herbivores are biologically 
necessary to protect the slow-growing north- 
ern vegetation from overutilization. It seems 
that the cycles must have some survival 
value, or the animals would have developed 
adaptations to overcome them. Apparently 
the animals and their food plants evolved 
together and those that overutilized and 
destroyed their food supply also destroyed 
themselves (Allee, et al., 1949; Koskimies, 
1955). For example, if a grouse were evolved 
that could thrive on any or all of the twigs 
and buds of coniferous trees, there would 
be little to halt its increase until all conifers 
were killed, because there is no way in which 
a tree could escape from a horde of hungry 
birds. However, if there were several 
species of coniferous food plants present, 
each of a different nutritional value, the 
birds would undoubtedly overutilize and 
possibly kill the ones of high food value, but 
the trees of marginal quality could probably 
survive. They would be protected if only a 
part of the foliage of an individual tree were 
nutritionally adequate to serve as grouse 
food, or if only a few individual members of 
a plant species were vigorous and rich 
enough to sustain birds. Marginal plants 
may also protect themselves by some regular 
cyclic decline in their nutritional value, or 
utilization alone may so weaken them that 
their remaining foliage drops below the 
nutritional threshold. These are all possible 
methods by which marginal plants may re- 
treat below the nutritional minimum re- 
quired by animals. It would seem that all 
plants must develop some method of escape 
from total utilization by herbivorous ani- 


mals with the result that many have evolved 
near to this malnutritional threshold. 

There is some evidence to bear out this 
theory that tree buds are very low nutri- 
tionally. Grange (1948) reports that ruffed 
grouse (Bonasa umbellus) were found bud- 
ding at sunset and again at sunrise, but in 
extremely cold weather they are already in 
the trees in search of buds when the stars are 
still shining before dawn, and with such 
temperatures they will again be budding 
after sunset. He also reports that on such 
occasions they may fill their crops almost 
to the “bursting point.” This extreme effort 
apparently is necessary to nourish the bird 
with this low-value food. Hamerstrom, Hop- 
kins and Rinzel (1941) experimented with 
the feeding of captive pinnated grouse 
(Tympanuchus cupido) but were unsuc- 
cessful in attempts to winter them on buds 
alone. Siivonen (1954), Koskimies (1955) 
and Grange (1948) all report that grouse 
show a decided preference for certain trees 
and sometimes feed on an individual tree for 
some time. This suggests that there is a 
difference in the food value of individual 
trees. Undoubtedly the fertility of the soil, 
the site, exposure to the sun, and the age 
of the tree all have a part in determining the 
focd value of the buds. Apparently the 
birds can distinguish which buds and twigs 
are nutritionally adequate. If grouse and 
other northern herbivores are teetering on 
this brink of malnutrition, any regular, 
though minute, change in the nutritional 
quality of their food could cause cycles. 
With this in mind, ecologists have attempted 
to tie cycles to all types of external forces, 
but with questionable success. 

There is still one seemingly obvious cycle 
of plants that apparently never has been 
considered as a cause for animal cycles. 
This is the reproductive cycle. In tropical 
and temperate climates where there ap- 
parently are no animal cycles, the plants 
largely produce seed every year, but in the 
northern regions a greater spacing of seed 
crops is general. As we proceed northward 
we find the seed years becoming progres- 
sively more pronounced and animal cycles 
also increasing in magnitude. 

Evidently, northern plants are unable to 
produce enough food in a single, short, 
growing season to yield a yearly seed crop. 
Thus they must manufacture and store 
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nutrients for several years before the seed 
can be produced. According to the Woody- 
plant Seed Manual of the United States For- 
est Service (1948), “Many forest trees and 
shrubs produce good seed crops at regular 
intervals. Some bear good crops every year, 
some every second or third year, and some at 
longer intervals—up to 10 or more years.” 
The manual further states that an explana- 
tion for seed cycles widely accepted by 
foresters is based on Hartig’s work with 
European beech—that food reserves stored 
in the stems are exhausted by production of 
a heavy seed crop, and a number of years 
is required to replenish them. 

Frederick Baker in his book on Principles 
of Silviculture (1950) states that “Close ob- 
servation often reveals the presence of fairly 
regular (seed ) cycles with years of excellent 
production alternating with off years.” He 
states further: “Periodicity of European 
Beech is marked. It appears that starch is 
accumulated in the parenchyma of the sap- 
wood for a period of about eight years. It 
is then almost completely expressed in a 
seed crop, following which accumulation is 
again resumed.” 

Since so many cyclic birds and mammals 
in the lower layer of the animal pyramid feed 
on twigs and buds, it seems quite logical 
that they may be affected by these food 
changes. It is quite possible that a heavy 
seed crop may so sap the nutrients from the 
stems and buds that the entire food supply 
may drop below the nutritional level neces- 
sary for successful reproduction, and this 
deficiency might continue one, two, or even 
more years until the nutrients are replen- 
ished. Some typical seed-year frequencies 
as given by the Woody-plant Seed Manual 
(op. cit.) are as follows: larch ( Larix sp.)— 
5 to 6 years, apple (Malus sp.)—2 years, 
spruce (Picea sp.)—2 to 8 years, varying 
with the species, pine (Pinus sp.)—3 to 5 
years, aspen (Populus tremuloides)—4 to 
5 years, white cedar (Thuja occidentalis )— 
5 years, and hemlock (Tsuga sp.)—2 to 5 
years. The most common intervals appear to 
be three-year and four-year cycles that fit 
very well with Siivonen’s (1952) findings 
with regard to the short-term, or 3-1/3-year, 
cycle of tetraonids. Where there is only one 
primary winter-food plant, the populations 
of animals that feed upon it should fluctuate 
directly with its seed cycle. Their peak 


number should occur in the summer and 
fall that the seed is formed, and their de 
cline should start in the winter following 
this seed year when the twigs have been 
sapped of their stored food. However. jf 
there are two important food plants ayail 
able that are out of step in their seed cycles 
the animals may concentrate on one when 
the other is in its low nutritional phase, by 
undoubtedly they will at times get the seed 
cycles together and thus produce a much 
longer animal cycle. Thus, it may be poss. 
ble to have a ten-year cycle produced by the 
interreaction of two short-term cycles 
Where there are many varieties of winter. 
food plants available in near equal quanti- 
ties, there will probably be no animal cycle. 
Populations of seed-eating animals should 
peak one year later than those that feed on 
foliage and buds. The winter following the 
seed crop is the most abundant food period 
for squirrels and is also the most critical 
period for grouse and other twig and bud 
eaters, as the seed crop has already drained 
all of the nutrients from the plant. For ex. 
ample, Lampio (1952) reports that Finnish 
squirrels were in peak abundance in 1946, 
while Siivonen (1952) states that Finnish 
grouse were present in greatest numbers 
in 1944 and 1945. Siivonen (1954) has also 
shown that small rodents have consistently 
peaked one year later than grouse. In a 
forested region such as Finland, small ro- 
dents are largely of seed-eating species. 
Climatic factors can influence the normal 
seeding cycle of a plant. Lampio (1952) 
reports that a seed crop in spruce is initiated 
by a warm, dry period in late June and July. 
This starts the blooming buds, but the seed 
will not be available until the end of the 
next summer. Baker (1950) states that cold, 
wet, growing seasons lengthen the seed cycle 
for forest trees, particularly for species near 
their northern limits. He also indicates that 
“The destruction of a potentially heavy crop 
of flowers prevents the expenditure of stored 
nutrients, or otherwise upsets the normal 
cycle and commonly calls forth a heavy 
crop the following year.” Such a delay in- 
creases the reserve of stored nutrients in the 
plant and should result in a better crop of 
birds and mammals that feed upon it. On 
the other hand, a series of small or partial 
seed crops could prevent the build-up of 
food in a plant and thus may retard the 
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animals that use it for food. 


ove of the . 
mit ig the opinion of the author that this 


seed-cycle theory will explain the fluctua- 
tions in abundance of some of the so-called 


cyclic birds and mammals. The production 
of seed probably is not the causative force 
behind all cycles, as the lemming cycles 
described earlier would indicate, but it is 
a plausible explanation for some grouse 
fluctuations that have been very baffling. 
The seeming abundance of winter grouse 
food has in the past largely precluded the 
consideration of food as a limiting influence 
on these birds. Food appears to be the most 
important environmental component affect- 
ing the abundance of animals and nutri- 
tional problems probably are in some way 
involved in most animal cycles. 


SUMMARY 


A simple cycle resulting from population 
build-up, to the point of complete food 
depletion, followed by animal starvation 
and subsequent recovery of food plants, 
appears to be responsible for some varia- 
tions in rodent abundance. In this paper, 
it is argued, however, that malnutrition re- 
sulting from utilization of foods that are 
nutritionally submarginal is much more com- 
mon than actual starvation. Disease, lowered 
reproduction, and reduced survival of 
young, all of which are symptoms of cyclic 
decline, are also associated with malnutri- 
tion. There is some evidence that buds and 
twigs of northern trees, the food supply of 
northern herbivores, are very low in nutri- 
tional value so that a slight change could 
bring on malnutrition. 

An obvious cycle of northern plants that 
could cause a nutritional change is the re- 
productive or seed cycle. Both the animal 
cycles and the seed-year cycles become 
more pronounced as we go north. Botanists 
assume that northern plants must manu- 
facture and store food for several years to 
produce a single seed crop, and when the 
seed is produced, this crop utilizes all of the 
stored nutrients from the twigs and stems. 
It seems logical that herbivores feeding on 
these plants would be influenced by these 
changes in stored nutrients. The most com- 
mon seed cycle is about 3 1/2 years which 
ls very similar to the short-term cycle de- 
scribed for some Finnish animals. However, 


interreacting seed cycles could cause much 
longer animal cycles. Unfavorable weather 
can prevent the start of a seed crop and thus 
lengthen any cycle. 
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OBITUARY 


NATHAN WARREN FELLOwS, JR. 
1915-1956 


Nathan W. Fellows, Jr., was killed in an 
airplane accident August 27, 1956, while 
conducting his official duties as regional 
biologist for the Maine Department of In- 
land Fisheries and Game. 

“Nat” or “Nate,” as his friends called him, 
was born August 16, 1915, at Beverly, Mas- 
sachusetts. An honor student and member 
of the Phi Kappa Phi honorary society, he 
received a B.S. degree in wildlife conserva- 
tion (minor in forestry ) from the University 
of Maine in 1938. He was employed as a 
field technician by the Maine Department 
of Inland Fisheries and Game from May 
1939 to August 1939, and after working as 
a conservation warden in Rhode Island 
from August 1939 to February 1941, he 
returned to Maine to serve as a field tech- 
nician and later as a project leader. 

This work was interrupted on February 
17, 1943, when Nat began active duty in the 
Navy as an ensign. He was subsequently 
elevated in rank to Lt. (j.g.) and saw active 
combat in the Pacific theater while in com- 
mand of a shiz. PC 1229. He was awarded 
the Atlantic ar. Pacific Campaign Ribbons, 
National Defense Ribbon, Naval Reserve 
Medal, World War II Victory Medal, and 
the Philippine Campaign and Occupation 
Ribbon. He maintained his interest in the 
Navy after being released from active duty 
in April 1946 by joining the Naval Reserve. 
His efforts were rewarded by his promotion 
to Lt. Commander on March 1, 1952. 

He returned from active duty in the Navy 
to his position as project leader for the 
Maine Department of Inland Fisheries and 


Game and was promoted to the position of 
Biologist II in February 1949. He was again 
recalled to active duty from October 195) 
to September 1952, serving in Japan and 
Greenland. From 1952 until his death he 
again worked for the Department. 

Professionally, Nat became an active 
member of The Wildlife Society in 1944 
One of his primary interests in game-man. 
agement work was in the field of waterfow! 
investigations and development work. At 
one site in particular (the Abagadassett 
River at Merrymeeting Bay) where he had 
conducted several annual waterfowl bag 
checks, Nat was sought out by many hunters 
for reliable information on the identification 
of their ducks, the hunter success in the 
area, and for conversations in general. He 
was an excellent observer both on the 
ground and in the air. In 1952, he published 
“Waterfowl Food Plantings Survival,” a 
bulletin of the Department dealing with his 
studies of the survival of waterfowl foods 
planted throughout the state in 1939 and 
1940. He was very well liked and was 
making big strides in game-management 
work as a regional biologist in the westem 
part of the state. His interests also included 
a survey of the importance of game and 
fur bearers to the economy of the state about 
which he wrote two reports. 

Through his varied career, Nat made 
many friends and he will be greatly missed 
and long remembered for his natural ability 
in game-management work, his keen sense 
of humor, and his friendly nature. Nats 
family, to whom he was greatly devoted, 
consists of his wife Ginny, an 8-year-old 
daughter Judy, and a 5-year-old son Jeff 
—KENNETH W. Hopcpon. 
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FOOD OF WOOD DUCKS IN MAINE! 


Malcolm W. Coulter 


Maine Cooperative Wildlife Research Unit 


Little specific information concerning the food 
eaten by wood ducks (Aix sponsa) is available. 
Populations of these birds have been relatively low. 
For many years they were completely protected, 
and even today special regulations restrict the shoot- 
ing of wood ducks. This situation has made it diffi- 
cult to study their food habits in detail. 

During the period from 1938 to 1953, stomachs 
(gizzard and gullet) from wood ducks were sub- 
mitted to the Maine Cooperative Wildlife Research 
Unit by state game wardens, hunters, and field per- 
sonnel of the Department of Inland Fisheries and 
Came. This report summarizes the results of the 
analysis of these stomachs. 


MATERIALS AND METHODS 


Seventy-six stomachs taken during the summer or 
fall were available for examination, of which 11 
contained insufficient food for tabulation. The re- 
maining 65 specimens were taken from 20 fresh- 
water streams or marshes scattered throughout the 
state. 

Stomach contents were washed, separated, and 
measured. Tabulation of food items was by the 
“percentage-by-bulk” method as practiced by the 
US. Fish and Wildlife Service. In common with 
other systems for presenting food-habits data, this 
method has certain disadvantages. The most com- 
mon error occurs when a few individuals contain 
large quantities of a single food item. Such in- 
stances are qualified in the text. 


RESULTS 


Table 1 presents the major foods found in 54 
stomachs taken during September or October. It is 
apparent that animal foods were eaten in small 


quantities and by less than a third of the ducks. 


‘Contribution from the Maine Cooperative Wildlife Re- 
search Unit, Orono, Maine; Maine Department of Inland 
Fisheries and Game, University of Maine, Wildlife Man- 
agement Institute, and the U.S. Fish and Wildlife Service 
cooperating. Appreciation is expressed to Howard L. Men- 
dall for help in examining stomachs and in preparation of 
the manuscript; to Jay Gashwiler and Joel Marsh who ex- 
amined part of the early collections; and to staff members 
of the Department of Botany and the Department of Zoology, 
University of Maine, for assistance in identifying some food 
items, 


TABLE 1. — FALL Foops or Woop Ducks IN MAINE 
(54 Stomacns ) 


Percentage 
of Total Number 
Food Specimens 











Vegetable food—95.0 per cent 


Wild rice (Zizania aquatica) 
Pondweeds (Potamogeton spp.) 
Bur-reeds (Sparganium spp.) 

Water bulrush (Scirpus subterminalis ) 
Oaks (Quercus spp.) 

Pickerel weed (Pontederia cordata) 
Dogwood (Cornus spp.) 

Arrowhead (Sagittaria spp.) 

Other plant food (19 species) * 
Unknown 


Animal food—5.0 per cent 


Insecta 
Gastropoda 





* Water-plaintain (Alisma plantago-aquatica), water- 
shield (Brasenia schreberi), sedges (Carex spp.), twig-rush 
(Cladium mariscoides), three-way sedge (Dulichium arun- 
dinaceum), spike-rush (Eleocharis spp.), rush (Juncus 
spp.), holly (Ilex spp.), rice-cutgrass (Leersia oryzoides), 
white pine (Pinus strobus), spruce (Picea spp.), wild 
cherry (Prunus spp.), arrowhead (Sagittaria cuneata), 
Torrey’s three-square (Scirpus torreyi), wool-grass (Scirpus 
cyperinus), bulrush (Scirpus spp.), cranberry (Vaccinium 
spp.), mermaid weed (Proserpinaca palustris), and wild 
celery (Vallisneria americana). 


Among the plant foods, eight genera made up three- 
quarters of the material. Except for wild rice and 
the oaks, the major foods are from plants that are 
common in almost all waterways in Maine. 

Data concerning the foods eaten by eight wood 
ducks from the ages of three or four days to seven 
weeks are presented in Table 2. The importance of 
animal food to young birds is apparent. The animal 
food consisted almost entirely of insects. Twenty- 
two kinds of insects were identified. Those that oc- 
curred most frequently were dragon flies and dam- 
sel flies (Odonata); water boatmen, water striders, 
and leaf bugs (Hemiptera); and leaf beetles and 
snout beetles (Coleoptera). Nine species of plants 
were identified. However, seeds of manna-grass 
(Glyceria borealis) and of sedges (Carex spp.) 
were eaten in quantity by four birds. One stomach, 
taken in late August, contained about 150 unripened 
wild rice seeds. 
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TABLE 2.— Foop oF FLIGHTLESs YOUNG Woop 
Ducks (8 STOMACHs ) 








Percentage of Food by Bulk 
Plants ( Mostly Seeds ) 
0 
43 (grasses and sedges) 
34 (unidentified vegetation) 
54 (grasses ) 
63 (grasses ) 
34 (aquatic plants) 
81 (grasses ) 
29 (bur-reeds and pondweeds) 
96 (wild rice) 


Approximate 
Age of Duckling Insects 





weeks 


5 weeks 
7 weeks 





DIsCuUssION 


The indicated use of wild rice by adult birds is 
somewhat misleading. Remains of this species were 
found in 11 (20 per cent) of the duck stomachs. 
In 9 of the 11 cases, the large quantities of wild rice 
consumed made this plant appear to be the leading 
food for the sample. Actually, wild rice is available 
for only a short period during early autumn. In a 
few waterways of Maine it thrives; in most areas it 
is absent or, when present, the plants grow in sparse, 
unthrifty stands that fruit irregularly. However, 
when available, wood ducks appear to feed upon the 
fruits of this plant almost to the exclusion of other 
foods. 

Four species of pondweeds were identified. Float- 
ing-leaf pondweed (Potamogeton natans) made up 
over half the material from this group of plants. It is 
extremely common throughout Maine, and it regu- 
larly produces large quantities of fruit. During late 
summer and autumn the seeds constitute one of the 
foods most readily accessible to surface-feeding 
ducks. 

Bur-reeds were also important in the sample ex- 
amined. Seeds and seed husks made up most of the 
material found. Specific identification of bur-reed 
seeds from duck gizzards is often impossible. How- 
ever, it was evident that four common species, Spar- 
ganium chlorocarpum, S. fluctuans, S. angustifol- 
ium, and S. minimum, were taken. Bur-reeds, as a 
group, were considered important as fall and spring 
food of the black duck (Anas rubripes) in inland 
fresh waters in Maine by Mendall (1949. Food 
habits in relation to black duck management in 
Maine. J. Wildl. Mgmt., 13:64-101). They also 
made up a significant proportion of the spring foods 
of black ducks and wood ducks examined by Coul- 
ter (1955. Spring food habits of surface-feeding 


ducks in Maine. J. Wildl. Mgmt., 19;263.967 
The available evidence suggests that bur-reeds : 
serve careful consideration in any program designed 
to increase the supply ot plant tood for ducks as j 
example, in newly created impoundments, ’ “i 

Sedges are conspicuously absent from the list of 
leading foods. In other studies in Maine and else. 
where, plants in the sedge family are important 
foods for surface-feeding ducks. Except for Water 
bulrush in the present study, sedges were not found 
in quantity although several kinds of sedges are 
abundant in the state. Seeds as well as Vegetative 
parts of water bulrush are eaten. Tubers from this 
plant are an important food during the autump, 
Well-developed tubers are not present on the plants 
during the growing season. 

Acorns were taken by only six birds, but as was 
the case with wild rice, those ducks that fed upon 
acorns consumed large amounts. Oak trees are not 
predominant in the northern two-thirds of Maine 
Yet field observations have indicated that wherever 
oak trees occur near water, wood ducks sometimes 
forsake available aquatic foods to feed avidly upon 
acorns. 

The other leading foods, pickerel weed, dogwood 
and arrowhead, are common along almost all water. 
ways. In view of the abundance of pickerel weed 
from the collection areas, as well as this plants 
habit of fruiting abundantly, it is surprising that 
more seeds from pickerel weed were not taken, 4 
similar lack of use of this plant has been noted in 
previous studies of foods eaten by ducks in Maine, 

The 19 species of plants that made up the remain. 
ing 15 per cent of the food each occurred in small 
amounts and in few specimens. Most of the plants 
represented are common in or near waterways 
throughout the state. 

The food from three additional stomachs taken 
from adults killed in August contained mostly plant 
material. Two birds had fed heavily upon pond- 
weeds; the stomach of the other contained stems and 
leaves of royal fern (Osmunda regalis). 


SUMMARY 


Examination of the foods eaten by 65 wood ducks 
taken in Maine revealed that full-grown birds fed 
heavily upon pondweeds, bur-reeds, water bulrush, 
and upon wild rice and acorns when the latter two 
were available. Flightless young consumed large 
quantities of insects. Some common aquatic plants 
were seldom utilized as food. 


Received for publication September 17, 1956. 
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THE FOOD OF FUR SEALS IN THE EASTERN BERING SEA 
Ford Wilke and Karl W. Kenyon 
Branch of Wildlife Research, U.S. Fish and Wildlife Service, Seattle 15, Washington 


The development of commercial fisheries in the 
sleutian area, particularly the catching of salmon 
in the open sea with drifting gill nets, has stimulated 
interest in the food of the Pribilof seal (Callorhinus 
ursinus) in the Bering Sea. Added interest results 
from the decline in the salmon runs in Bristol Bay. 
Fisheries investigators believe that at least part of 
the salmon migrating to rivers entering Bristol Bay 
pass through areas in the Bering Sea where fur 
vals feed intensively. No pelagic investigation of 
the food of fur seals while in the Bering Sea has 
heen made since Alexander’s in 1892. This was 
summarized by Lucas (1899) who wrote that “In 
Bering Sea during August and September the pol- 
lack (Theragra chalcogramma) forms the staple 
atticle of food, a squid (Gonatus amoenus) coming 
next in importance, while some salmon and a few 
species of small fish are also eaten.” Lucas quotes 
Alexander in stating that “material which has been 
found in the stomachs of seals taken in different 
parts of Bering Sea indicates that only a small 
percentage is composed of fish which inhabit deep 
water. It is only reasonable to suppose that when 
seals are in shallow water they feed on both bottom 
fish and those near the surface.” Lucas footnoted 
the latter part of this statement, saying: There is, 
however, no evidence of this except in the rare 
presence of cottoids. . .” On the basis of stomachs 
collected from the killing fields, Kenyon (1956) 
has verified Alexander’s statement. Most of the 
content of these stomachs (94 per cent) was com- 
posed of sand fish (Trichodon trichodon), which 
burrow in sand in relatively shallow water. The 


sturgeon-like sea poacher (Agonus acipenserinus), 
second in importance, is also a bottom dweller. 

From 17 June to 20 July 1955, 204 fur seals 
were collected pelagically in the Bering Sea from 
Unimak Pass and Unalaska to the Pribilof Islands. 
Most of the seals were collected by the authors by 
shooting with buckshot from the deck of a halibut 
schooner, the M/S Paragon. On the rare calm days 
two men worked from a dory powered with a 10- 
horsepower outboard. In good weather this was 
as effective as the larger vessel, and fewer animals 
were lost when hunting with the dory. Throughout 
the period, seals were most abundant in or near 
Unimak Pass. Near the Pass were also Steller sea- 
lions (Eumetopias jubata), numerous humpback 
whales (Megaptera novaeangliae), and vast num- 
bers of shearwaters (Puffinus spp.). It is reasonable 
to presume that the rich food supply attracted all 
these forms. Pregnant females predominated among 
the seals collected, comprising 71 per cent of the 
total. Females without fetuses composed 16 per 
cent and males 13 per cent of the collection. 

Table 1 gives the food contained in the stomachs 
of 204 seals collected pelagically and of three others 
in the commercial kill at St. Paul Island where 
empty stomachs are the normal condition among 
the thousands we have examined. 

Capelin was the predominant food species in 
Unimak Pass and near the Aleutian Islands. It 
appears that concentrations of capelin are available 
for the seals during extensive portions of their north- 
ward migration. Scheffer (in Taylor, Fujinaga, and 
Wilke, 1955) found that capelin made up more 


TaBLE 1.— ConTENTs OF 117 Fur SEAL StoMaAcHs CONTAINING Foop, COLLECTED IN THE BERING SEA 
AND ON ST. PAut IsLANp* 














Percentage of Frequency 
Where Collected Contents Food by Volume of Item 
Bering Seat Salmon (Oncorhynchus sp.) 0.5 1 
Capelin (Mallotus villosus) 52 45 
Alaska pollack or whiting (Theragra chalcogramma) 40 36 
Sand lance (Ammodytes tobianus personatus ) trace 1 
Unidentified fish 1 2 
Squid (Decapoda) 7 56 
Miscellaneous mollusks, probably not food 
Rough thais (Thais lima) trace 1 
Heavy-ribbed venus-heart ( Venericardia crebricostata ) trace 2 
Dire-whelk (Searlesia dira) trace 2 
St. Paul Island? Salmon (Oncorhynchus sp. ) 1 
Alaska pollack or whiting (Theragra chalcogramma) 1 
Sand fish (Trichodon trichodon) 2 





‘Bering Sea, 114 stomachs, total stomachs, 204. Total empty stomachs, 90. 
*Commercial kill, 3 stomachs. Percentage of food by volume not obtained, since stomachs were recovered in slashed and 


partly drained condition. 
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than 90 per cent of the food of seals taken in the 
western part of the Gulf of Alaska from the Kenai 
Peninsula to Afognak Island in June 1955. The 
capelin is an arctic species (Clemens and Wilby, 
1946 ) reaching its southern limit along the Olympic 
Peninsula of Washington. 

Squid ranks high in frequency but low in volume, 
for two reasons. First, squids are more available at 
night and thus are usually well digested by the 
time a seal that has fed on squid is taken during 
daylight hours. Secondly, they are soft bodied and 
only the beak, eye’lenses, and pens resist digestion. 
The*abundance of these hard parts indicates that 
squids are a staple food, but whole squids or even 
large quantities of their flesh are only occasionally 
found. 

Except for salmon, which occurred once in the 
pelagic sample and once in stomachs collected on 
land, none of the food species found in this sample 
enter into any commercial fishery in North Amer- 
ica. The Alaska pollack or whiting at present is not 
acceptable as a market species, being rather thin 
and soft fleshed. A single seal taken in March 1955 
had stomach contents composed entirely of Alaska 
pollack. A squid fishery is carried on in California 
for a limited market, but no squids are taken in 
northern waters. From their infrequent appearance 
in seal stomachs it appears that salmon are rarely 
available as prey species and the relationship be- 
tween free-swimming salmon and fur seals is that 
of co-predators rather than predator and prey. In 
an artificial situation, such as where salmon are 
caught in a gill net, fur seals will feed on them 
readily. 

No herring (Clupea pallasi) appeared in the 
stomachs although a population of commercial size 
is present near Unalaska Island. It is noteworthy 


that herring populations have currently Teachej 
high levels in southeastern Alaska and British 
Columbia despite predation by fur seals and num 
erous other forms. The greatest herring catch rf 
British Columbia history took place in 1055.54 
and the great abundance of herring in southeaster, 
Alaska waters is not reflected in the Testricted 
catch. 


SUMMARY 


In the stomachs of 117 fur seals collected betwee, 
Unimak Pass and the Pribilof Islands in the Be; 
Sea, capelin was the dominant food near the Aley. 
tian Islands (52 per cent of total food by volume) 
and was replaced offshore by squid and Alas 
pollack which there made up 47 per cent of tot 
food by volume. Salmon (which pass through this 
area in migration) and sand lance each appeared 
once. Salmon, Alaska pollack, and sand fish mage 
up the contents of 3 stomachs from St. Paul Island 
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DISPHARYNX NASUTA IN HUNGARIAN PARTRIDGE IN ONTARIO 


J. F. Bendell and R. D. Lisk 
Department of Zoology, University of British Columbia, Vancouver 8, B.C. 


In the summer of 1955 the Toronto Anglers’ and 
Hunters’ Association financed a study of the Hun- 
garian partridge (Perdix perdix L.) in Ontario. Two 
adult and four birds-of-the-year from the Niagara 
Peninsula were autopsied. The two adult birds 
were infected with Dispharynx nasuta Rud. Two 
adult and ten young-of-the-year partridge were col- 
lected near Kemptville in eastern Ontario. Two 
young-of-the-year were infected with D. nasuta. 
These records are the first report of D. nasuta in 
Ontario. 

Yeatter (1934) reports D. nasuta in Hungarian 
partridge in Michigan. The present distribution of 
partridge is continuous from Michigan to and be- 
yond the eastern part of Ontario (Aldrich and 


Duvall, 1955). This and the first occurrence of 
D. nasuta suggests that some Hungarian partridge 
in Ontario are descendants of emigrants from Michi- 
gan that carried D. nasuta into the province with 
them. 
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STRESS RESPONSE AND SURVIVAL TIME IN THREE WILDLIFE SPECIES! 


Ruth L. Hine and Kenneth G. Flakas 


Wisconsin Conservation Department, Madison 


The need for studies on the ability of various 
wildlife species to survive and the factors affecting 
their survival has become increasingly important in 
wildlife management research. Such information is 
not only essential for an understanding of popula- 
tion behavior but also for planning habitat im- 
provement programs designed to meet specific re- 
quirements. - ie 

One approach toward obtaining physiological 
information of this type is by subjecting an animal 
to an applied stress and measuring its resistance 
and survival time. Kabat, Meyer, Flakas, and Hine 
(1956) in Wisconsin carried out a series of experi- 
ments throughout the year on hen pheasants (Phas- 
ianus colchicus torquatus ) in which they subjected 
the birds to the artificial stress of caging and star- 
vation and measured the birds’ resistance in terms 
of body-weight loss and body-temperature decline. 
The design of their studies was based on Selye’s 
(1949) hypothesis that adaptation to a specific 
stress (such natural stresses as egg laying, molting, 
etc.) lowers the body’s resistance to different stress 
to which the animal is not adapted. The applied 
stress, therefore, was used as a means of demon- 
strating whether there was seasonal variation in 
adaptation energy, and which of the naturally oc- 
curring physiological stresses caused the greatest 
decrease in resistance. These studies showed that 
the use of this technique appeared to produce reli- 
able trends in stress resistance and survival time. 
There was variation in the hen pheasant’s ability to 
survive the applied stress at different times of the 
year; this variation in stress resistance and survival 
time, furthermore, was related to the physiological 
condition of the hen. 

The hen pheasant studies opened the door to 
much more investigation along these lines. During 
the course of the Wisconsin pheasant experiments in 
January to March 1951, single tests were run on 
Hungarian partridge (Perdix perdix), chukar part- 
tidge ( Alectoris graeca chukar ), and cottontail rab- 
bits (Sylvilagus floridanus). The purpose of this 
report is to present the results of these tests in order 
to document the data and provide background in- 
formation for other investigators contemplating sim- 


ilar studies, 


METHODS 


The animals used for these tests came from the 
following sources in Wisconsin: 8 Hungarian part- 
ridge (4 hens and 4 cocks) were trapped in Mil- 


*A contribution of Pittman-Robertson Research Project 
24-R. The writers wish to thank Cyril Kabat and James B. 
Hale for their advice and assistance. 


waukee County; 8 chukar partridge (4 hens and 4 
cocks) were taken from game-farm stock at Poy- 
nette; and the 13 cottontails were trapped in the 
vicinity of Madison and Poynette. 

The standardized stress regime that has been 
previously described (Kabat, et al., 1956) was used. 
For the experiments, the animals were placed in 
wooden cages varying from 69 to 49 inches long, 22 
inches wide, and 15 inches high. These were kept 
in an unheated building. The cages used for both 
species of partridge were darkened by placing card- 
board over one-half to one-third of the screened 
area in order to quiet the birds. The stress periods 
varied from 10 to 12 days. During this time no feed 
was given, although fresh water was supplied daily. 
On the first day of stress and at one or two intervals 
during the stress period, body-weight and body- 
temperature measurements were taken, and cloacal 
cultures and blood smears were made. Post-mortem 
examinations were made on all animals that died. 

All Hungarian partridge and rabbits died during 
the tests so that the average survival time represents 
an average of the actual number of days these ani- 
mals survived the applied stress. Since no chukars 
were lost during the 12-day stress period, average 
survival time is an estimate of the number of days 
these birds might have lived under continued stress, 
based on the weight-loss and body-temperature- 
decline data. 


RESULTS AND DISCUSSION 


The results of these experiments (Table 1) show 
the amount of weight loss and the survival of these 
species. The trends indicate the resistance of the 
animals to an applied stress. Detailed comparisons 
of stress response and survival between species, 
however, cannot be made as the data were not col- 
lected for this purpose. The animals came from dif- 
ferent sources, game farm and wild; and the experi- 
ments were run in different months. However, a 
few general inferences may be drawn from the in- 
formation at hand. 

The data presented in Table 1 suggest that dif- 
ferences do exist between these species in their abil- 
ity to withstand applied stress. In the case of the 
two partridge species, these differences may be re- 
lated to the initial weight of the birds. The chu- 
kars were about 200 grams heavier than the Huns 
at the beginning of the stress period; they lost 
weight less rapidly and survived longer than did the 
Huns. In the hen pheasant, a general relationship 
exists throughout most of the year between the 
weight of the bird at the start of the stress period 
and the length of time it survived the stress ( Kabat, 
et al., 1956). The rabbits, however, were almost 
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TaBLe 1.— RESPONSE OF CHUKAR PARTRIDGE, HUNGARIAN PARTRIDGE, AND COTTONTAIL Rasarrs 
APPLIED STRESS ” 








Chukar 
Partridge 


Hungarian 


Cottontai 
Partridge Reba 


Rabbit 





March 1951 
No. animals 8 
Av. weight in grams 
(and per cent loss ) 
Initial 560 
7th stress day 476 (15%) 
12th stress day 399 (29%) 
At death as 


Av. body temperature (F.) 
Initial 
7th stress day 
12th stress day 


108.9° 
107.4° 
105.8° 


Av. survival (days) ca. 15 


February 1951 January 195] 
8 13 


372 1,161 
970 (16z)* 


900 (22%) 


269 (27%) 


291 (41%) 


106.9° 
105.3° 


100.8° 
98.9°* 


10 10 





® 8th stress day 


three times heavier than the Hungarian partridge, 
but both species survived the applied stress the 
same length of time. 

On the other hand, these differences in stress re- 
sistance and survival may be a manifestation of an 
actual difference in the intensity of applied stress. 
Since the chukars were pen-reared birds, they were 
in effect subjected only to the stress of starvation, 
while the Huns and cottontails were subjected to 
the double stresses of starvation and caging. The 
Huns were extremely wild, while the chukars did 
not show any signs of nervousness or restlessness 
on being caged. It is possible that if a second stress 
were applied to the chukars, their resistance might 
be lower. 

The relatively large weight loss and the sharp 
decline in body temperature in only 7 days of stress 
suggest that the Hungarian partridge were affected 
markedly by the applied stress, at least in this brief 
period. A bird of this size, then, which suffers 
weight and temperature losses of such magnitude, 
might not be able to survive extremely rigorous 
winter conditions if it had to go without food for 
even a relatively short period of time. Huns in the 
wild, therefore, that were not properly nourished, 
although not actually starving, could be expected 
to succumb within a relatively short period of time 
when exposed to a severe secondary stress such as 
adverse weather conditions. 

Furthermore, with so short a survival time in 
early spring, presumably the period of greatest re- 
sistance to stress according to the information ob- 
tained for the hen pheasant (ibid.), the Hungarian 
partridge might be expected to have very low stress 
resistance and short survival time in early summer, 
following the natural stresses of the reproductive 
season. 

One experiment in only one month of the year 
does not, of course, give a complete picture of stress 


resistance and survival in any of the three specie, 
Further tests performed at different seasons of the 
year would be necessary to obtain this type of infor. 
mation. The studies reported here, especially in 
light of the information obtained on hen pheasants 
throughout the year, indicate that further research 
on stress response and survival time is warranted 
on these and other wildlife species, at different sea. 
sons and in different years, as another approach 
toward interpreting wildlife-population behavior, 


SUMMARY AND CONCLUSIONS 


Groups of Hungarian partridge, chukar partridge, 
and cottontail rabbits were each subjected to a 
artificial stress of caging and starvation for periods 
varying in length from 10 to 12 days. The results 
of these experiments showed the amount of weight 
loss and the survival time of these species, and thus 
indicated their resistance to an applied stress, Al- 
though direct comparisons of stress response and 
survival between species could not be made due to 
differences in the source of the experimental ani- 
mals and the month in which the experiments were 
run, a few general inferences were drawn showing 
the possible interpretations of these types of data 
and the need for further research. 
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FOOD OF SEA OTTERS AND HARBOR SEALS AT AMCHITKA ISLAND 


Ford Wilke 
Branch of Wildlife Research, U.S. Fish and Wildlife Service, Seattle 15, Washington 


studies of the food of sea otters (Enhydra lutris). 
have, because of the limited populations and strin- 
geat prohibitions against killing the animals, been 
necessarily restricted to scat examinations. Scat anal- 
ves published by Murie (1940), Williams (1938), 
and Jones (1951) were alike in showing sea urchin, 
(Strongylocentrotus drobachiensis ), mussel ( Mytili- 
dae), chiton (Polyplacophora ), crab (Anomura and 
Brachyura), and limpet (Acmaeidae) as the domi- 
nant food items. Because of the method of feeding 
and the relative proportion of hard and soft parts, 
both scat and stomach examinations often do not 
accurately represent the relative importance of 
certain food species. For example, the shell of the 
rock oyster, Pododesmus macroschisma, is usually 
discarded, and the soft parts of limpets are also 
extracted from their shells. By contrast, small sea 
urchias and mussels are simply crunched, shell and 
al, and swallowed. Large sea urchins may be 
cracked by beating on a hard surface, but much 
of the rather fragile shell is swallowed. Miss Fisher 
(1939) stated that the internal structures of a sea 
urchin are sucked or licked out after a hole is 
bitten in the test. Such behavior is not usual when 
the otters are feeding on the small sea urchins that 
predominate on Amchitka Island. 

In captivity, sea otters crack clams by beating 
them on any available hard surface to make the 
soft parts accessible, and some fragments of the 
shell may be swallowed when the body is eaten. 
Clams do not appear to enter the diet of sea otters 
in the wild to any appreciable extent. It is not 
known whether or not sea otters have the ability 
or inclination to dig clams from a mud or gravel 
bottom. It appears that their feeding is confined 
to species that lie on the bottom or are attached to 
the surface of rocks and marine vegetation. 

In Table 1, giving the stomach contents of five 
otters, the same food species appear as in the scat 
analyses. Sea urchins and mussels are most im- 
portant. The extent to which sea otters feed on 
fish is not fully known. A fringed greenling appeared 
in one of the five stomachs, and occasionally a col- 
lection of scats may be made up largely of fish 
bones. There is some evidence that fish are eaten 
more frequently in the winter and early spring, 
when feeding conditions are less favorable. 

In Alaska, the harbor seal (Phoca vitulina rich- 
ardi) is the subject of more intensive control mea- 
sures than any other predator. These measures are 
mostly confined to the mouths of important salmon 
rivers where the seals feed primarily on eulachon 
(Thaleichthys pacificus) in the spring months but 
take salmon as the season advances ( Heintzlemann, 
et al., 1954). No stomach-examination results are 


TaBLeE 1.—StomMacH CONTENTS OF FIVE SEA 
OTTERS FROM AMCHITKA IsLAND, Marcu 1954 








Percentage 
of Fre- 
Food by quency 


Name of Food Item Volume of Item 





Starfish ( Asteroidea) trace 1 
Green sea urchin (Strongylocentrotus 
drobachiensis ) 86 
Hermit crab (Paguridae) 
Limpet (Acmaeidae) 
Horse mussel (Volsella modiola) 
Mussel ( Modiolaria vernicosa) 
Fringed greenling (Hexagrammus 
superciliosus ) 





given in their report to demonstrate how the diet 
changes. Few harbor seal food studies have been 
reported for Alaska despite the importance attached 
to predation by this seal. Imler and Sarber (1947) 
found that gadids (Theragra chalcogramma and 
Microgadus proximus), herring (Clupea pallasi), 
flounders (Pleuronectidae) and salmonids (Sal- 
monidae ), in that order, were the leading species 
taken in southeastern Alaska. On the Copper River 
during May and June, eulachon was the only food 
in 64 out of 67 stomachs. 

In seven stomachs of harbor seals collected in 
March on Amchitka Island, octopus was the most 
frequently taken food (Table 2). Octopus has been 
reported as a food of harbor seals in localities 
ranging from Puget Sound in Washington State to 
Hokkaido, Japan. Gadids, principally Alaska pol- 
lack, and crab have appeared in most stomach col- 
lections. The fringed greenling is more characteris- 
tic of the Aleutian area, where it is very common in 
inshore waters. 


TABLE 2.— CONTENTS OF SEVEN HARBOR SEAL 
STOMACHS FROM AMCHITKA IsLAND, Marcu 1954? 








Percentage 
of Fre- 
Food by quency 


Name of Food Item Volume _ of Item 





Octopus (Paroctopus apollyon) 3 5 
Crab (Brachyura? ) trace 2 
Alaska pollack (Theragra chalcogramma) trace 1 
Cod family (Gadidae) trace 1 
Fringed greenling 

(Hexagrammus superciliosus ) 96 
Unidentified fish 1 





1Two additional stomachs were empty. 
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The sea otter and harbor seal inhabit the same 
coastal waters and the rocky beaches and reefs. 
They provide an example of two fairly large, carni- 
vorous, littoral mammals which are virtually non- 
competitive. There is only a slight overlap in their 
food habits in the same locality. The otter feeds 
largely on echinoderms and shell-bearing mollusks, 
whereas the harbor seal depends mostly on free- 
swimming cephalopods and fishes. 


SUMMARY 


Five sea otters collected at Amchitka Island, 
Alaska, in March were found to be feeding on green 
sea urchin (86 per cent by volume), fringed green- 
ling (6 per cent), mussel (5 per cent), horse mussel 
(3 per cent), and traces of starfish, hermit crab, 
and limpet. Seven harbor seals inhabiting the same 
waters and beaches were feeding on fringed green- 
ling (96 per cent), octopus (3 per cent), and 
traces of unidentified fish, Alaska pollack, other 


Gadidae, and crabs. Octopus occurred in 5 of 
7 stomachs. The two littoral mammals are larg 
noncompetitive in their food habits, ey 
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SOCIAL AND RANGE DOMINANCE IN GALLINACEOUS BIRDS— 
PHEASANTS AND PRAIRIE GROUSE?* 


Ward M. Sharp 


Pennsylvania Cooperative Wildlife Research Unit, University Park, Pennsylvania 


Strife and intolerance are believed to affect the 
welfare and breeding potential of gallinaceous birds. 
Information on this phase of population dynamics 
is meager. Before antagonism can be developed be- 
tween two or more species of gallinaceous birds, 
they apparently must be of similar size and form to 
stimulate the urge to fight or aggression short of 
fighting. In addition, gallinaceous birds in con- 
flict must occupy the same range, and each must 
use similar cover types. 

Ring-necked pheasants (Phasianus colchicus), 
sharp-tailed grouse (Pediocetes phasianellus), and 
prairie chickens (Tympanuchus cupido) were stud- 
ied on the same range in the Nebraska Sandhills 
from 1937 to 1943. The author and assistants were 
in daily contact with these species during the win- 
ter and early spring months. Each winter a feeding 
station maintained near the headquarters of the 
Valentine National Wildlife Refuge served a large 
population of pheasants, 50-70 sharp-tailed grouse, 
and 5-10 prairie chickens. This setting afforded the 
opportunity to witness fighting among all three 
species on many occasions. The purpose of this 


1 Acknowledgments: The writer wishes to express his 
special thanks to F. N. Hamerstrom, Jr., Wisconsin Conserva- 
tion Department, for constructive comments on the manu- 
script. Grateful acknowledgments are also extended to 
Daniel L. Leedy, U.S. Fish and Wildlife Service, and Ray C. 
Carpenter, Pennsylvania State University. Paper No. 78 of 
the Pennsylvania Cooperative Wildlife Research Unit and 
School of Forestry. Journal Series No. 2088 of the Agricul- 
tural Experimental Station, Pennsylvania State University, 
University Park, Pennsylvania, on August 22, 1956. 


paper is to report techniques used in fighting and ty 
state the results of such conflict. 


INTERSPECIFIC DOMINANCE AND DIsp.Lays 


Sharp-tailed grouse were tolerant of other species, 
but when conflict developed, they were masters of 
the situation. They were able to dominate both 
pheasants and prairie chickens. Pheasants could 
dominate prairie chickens, but prairie chickens wer 
unable to cope successfully with either the sharp- 
tails or the pheasants. These statements are based 
on observed cases of conflict over a period of six 
years. 

During this period of years, ten cases were te- 
corded involving combats between cock pheasants 
and prairie chickens at the winter feeding station, 
and two cases of tighting between a prairie chicken 
and a cock pheasant were observed on the booming 
territories of the prairie chickens. In these cases of 
conflict on the booming grounds the pheasant 
was the aggressor, going out to promote the fight. 
Eighteen cases were recorded of fights in which a 
cock pheasant and a sharp-tailed grouse were in- 
volved. The sharp-tails were victorious in all ev 
gagements with pheasants, while the prairie chicken 
always lost the fight to a pheasant. Sharp-tailed 
grouse and prairie chickens were observed on 0 
casion to engage in sparring encounters at the winter 
feeding area, but the victorious sharp-tail appeared 
to consider it a playful affair. Conflicts between the 
two species of prairie grouse appeared to consist 
only of the establishment of a peck order among 
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their own kind. Both species of grouse would be 
geen feeding together within an hour following a 
—~ of these species has a characteristic fighting 
yle and form prior to and during combat. The pre- 
attack posture of sharp-tailed grouse is very similar 
to its dancing form. The body is slightly crouched 
and tipped forward; the head and neck extended, 
paralleling the ground; the wings slightly spread; 
and the tail held rather erect. From this position, 
; sharp-tail may dart out at an adversary in combat, 
or shuffle into its dance on the mating grounds. The 
male pheasant assumes a fighting posture in much 
the same manner as that of the domestic rooster or 
gamecock. It may pick at objects on the ground, 
circle or feint its opponent for an opening, then it 
suddenly charges, jumping up and striking its ad- 
versary with long, strong legs and sharp spurs. The 
syle of the prairie chicken is identical to that of the 
pheasant except that it is clumsy and displays awk- 
ward footwork. Its short legs and lack of well- 
developed spurs render it quite ineffective in er 

counters with pheasants. 

An encounter between a pheasant and sharp-tail 
starts with each bird assuming its typical pre-attack 
posture. The pheasant feints from side to side; the 
sharp-tail, set in its crouched position, may take very 
short steps toward the pheasant. Suddenly the two 
attack-the pheasant jumping up in typical cock 
manner to set his spurs; the grouse—in a very low 
crouch—quickly darting beneath the pheasant and 
coming up from behind to grasp the ring-neck’s 
tailor rump. Having secured a firm bill-hold on the 
feathers, it hangs on doggedly. This sudden, un- 
expected turn of events apparently frightens and 
intimidates the pheasant, which struggles frantically 
trying to free itself of the grouse. The pheasant es- 
capes only when the sharp-tail has pulled out all 
feathers within its grasp or has lost its hold. In 
cases where the grouse fails to grasp the pheasant, 
the fight may continue. Seldom did the most ag- 
gressive ring-neck make more than three passes at 
a sharp-tail before the latter was able to seize tail 
or rump feathers. The pheasant, once defeated, re- 
mained clear of any other sharp-tails. 

Prairie chickens were most inclined to fight in 
late winter at the approach of the breeding season; 
at this time they would square off at a pheasant in 
typical rooster fashion. After some sparring, pheas- 
ant and prairie chicken would rush together and 
meet in mid-air. The pheasant was so much faster, 
inflicting punishment with its spurs, that the prairie 
chicken would take a very rough flogging before 
freeing itself from the situation. Being roundly de- 
feated and pummeled, it would run and take to 
flight at its first opportunity. The cock pheasant 
would give chase, driving the prairie chicken for a 
distance, 

Sharp-tailed grouse are tolerant toward prairie 
chickens, both occupying the same range in har- 
mony, even though the former is socially dominant. 
In early fall and winter, flocking and association of 


the two are common. The fact that both establish 
separate mating grounds is a factor contributing to 
tolerance and harmony during the breeding season 
when conflict would be more pronounced. The 
pheasant’s aggressive nature, its selection of a terri- 
tory and its tendency, as indicated below, to pursue 
for a mile are qualities detrimental to the prairie’ 
chicken. 

Harger (1956) describd the visit of a cock pheas- 
ant to a booming ground in Michigan, where the 
cock was observed chasing prairie chickens about 
and from the booming site. None of the birds pres- 
ent attempted to defend their area. I have seen sim- 
ilar instances where pheasants chased prairie chick- 
ens—the prairie chicken flying, thus avoiding the 
pursuing pheasant. Once these prairie chickens had 
tought with and lost to a pheasant on the winter 
feeding grounds in Nebraska, they never attempted 
to hold their own against future attacks. Instead 
they would fly off 25 to 50 yards and alight. Seldom 
did a pheasant have the opportunity or inclination 
to pursue further when sharp-tails were present. An 
aggressive sharp-tail would take up the fight and 
promptly put the pheasant in another frame of 
mind. The prairie chickens observed by Harger 
probably had been attacked and defeated on prev- 
ious occasions and were now completely submissive 
to the pheasant. I have never seen prairie chickens 
refuse their first fight with a pheasant; but once de- 
feated, they seldom accepted or defended repeated 
challenges. Had the site observed in Michigan been 
the dancing ground of the sharp-tailed grouse, I be- 
lieve that the cock pheasant would have made only 
one visit to pick a fight. The sharp-tails having 
worked him over, he would have hesitated before 
coming to engage in a second encounter. 

A cock pheasant will eventually drive all prairie 
chickens from a meadow or booming area during 
the spring breeding season. Dr. George B. Saunders 
and the writer, in May 1938, observed a cock pheas- 
ant drive a male prairie chicken more than a mile 
from its mate. The affair started when the pheasant 
and prairie chicken engaged in a very brief encoun- 
ter. The grouse took to flight followed by the pheas- 
ant. The prairie chicken alighted at about 200 
yards, only to be followed and put to flight. Each 
time it flew, it was pursued in flight by the pheas- 
ant. After several stops and starts, the grouse flew 
off to the distant hills. The pheasant ceased to follow. 
The female prairie chicken then followed, flying in 
the direction taken by the male. Subsequent obser- 
vations on this meadow revealed that the two prairie 
chickens had disappeared. This instance of pheas- 
ant-grouse conflict occurred on a large isolated 
meadow valley located at the east end of Pelican 
Lake on the Valentine National Wildlife Refuge in 
Cherry County, Nebraska. The area, prior to its 
first invasion by pheasants in 1936, contained fav- 
orite booming grounds of the prairie chicken. Per- 
sistent attacks day after day disturbed the normal 
breeding behavior of the chickens, eventually driv- 
ing them from long-established booming grounds. 
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PoPpuULATION CHANGES 


Small pockets of prairie chicken range exist in 
Indiana, Illinois, Michigan, Wisconsin, and Mis- 
souri. Extensive areas still exist in the Dakotas and 
Nebraska. Kansas, Oklahoma, and Texas also are 
reported to possess some prairie chicken habitat. 
The more eastern and isolated remnant localities 
represent the eastern and northeastern periphery of 
the tall-grass prairie. The more extensive western 
localities represent the western periphery of the tall- 
grass prairie of the Northern Great Plains where it 
blends into the drier short-grass region. Here to the 
west much of the area is not conducive to a high 
pheasant population, except where cultivation of 
farm crops is practical and where habitat changes 
are subjected to drastic shifts from poor pheasant 
to good prairie grouse years. Years of drought 
(1932-42) favored the pheasant and disfavored the 
prairie grouse, but we cannot discount the fact that 
prior to introduction of the pheasant, prairie chic- 
kens seemed to weather both dry and wet periods 
of the climatic cycle. 

There is some evidence that, when a pheasant 
population invades the range of the prairie chicken, 
the chickens wane and may cease to exist. Prairie 
chickens showed a drastic decline on their former 
booming grounds in the Nebraska Sandhills during 
1936-43 when the pheasants became common. 
When a change in habitat conditions occurred, 
starting in 1943, the pheasant population crashed 
(Sharp, 1953). Prairie chickens then increased be- 
yond all expectations and, by 1954, they were just 
about as abundant as in years prior to 1929. 
Although this in itself is not conclusive proof of a 
cause and effect relationship in changing popula- 
tions of pheasants and prairie chickens, many local 
observers who were in daily contact with both 
species believed that the return of the prairie 
chickens had much in common with the waning 
of the pheasants. 

There are many factors influencing game-bird 
populations, and these same factors may in turn 
affect rodents or other associated species. During 
prolonged drought periods on the Great Plains 
(1932-42) (Nicholas, 1950), jack rabbits (Lepus 
townsendii) and pheasants were stimulated to suc- 
cessful reproduction in the Nebraska Sandhills. 
When the wet cycle returned (1943-54), rabbit and. 
pheasant populations dropped, but these same wet 
years created conditions favorable for the prairie 
grouse. It is apparent that gallinaceous bird popu- 
lations are influenced by climatic factors. There is 
some evidence also that an exotic galliform may 
effect changes in numbers or distribution of a native 
galliform regardless of favorable or unfavorable con- 
ditions that exist because of climatic cycles. 

In order to understand what has happened in 
Nebraska since the pheasant was introduced, let us 
go back to the years prior to 1929. Laws were lax, 
and even local residents shot prairie chickens with- 
out much regard to future supplies. The birds’ 


population held up, and no one was parti 
apprehensive of any drastic drop in numbers Si 
1930, people have become quite conservatigs 
minded toward “their chickens.” And today loc 
residents, living on the western periphery of th. 
prairie grouse range, have very little interest jn 
shooting—even in areas where grouse have been 
plentiful since 1950. 

Severe competition is known to exist between 
pheasants and prairie chickens, especially durin 
the spring and early summer months when Pe 
pheasants are actively defending their territories 
This factor alone could eventually eliminate existing 
isolated pockets of prairie chickens. But the i 
is a very controversial one among (1) the younger 
hunters, who would rather have only pheasan 
shooting; | 2) the prairie grouse shooters, who pre. 
fer their “chickens”; and (3) the conservation. 
minded few, who desire to dedicate at least a few 
acres of our rich domain to the prairie chicken, 

Strife created by the social and range dominance 
complex presents a serious problem on areas where 
conservationists are trying desperately to save even 
a remnant population of the prairie chicken, 


SUMMARY 


Observations were made on strife and intolerance 
within a mixed population of ring-necked pheasants, 
greater prairie chickens, and sharp-tailed grouse ip 
the Nebraska Sandhills from 1937 to 1943. These 
species were observed during the winter and early 
spring months. Techniques used in fighting were 
observed and the results of such conflict were te. 
corded. 

Sharp-tailed grouse were able to dominate both 
pheasants and prairie chickens, and their succes 
was due to a fighting style unlike that of pheasants 
or prairie chickens. Pheasants could dominate 
prairie chickens but the prairie chicken was unable 
to cope successfully with either the sharp-tails o 
the pheasants. Fighting form in pheasants and 
prairie chickens was identical. Sharp-tailed grouse, 
although socially dominant, were tolerant toward 
the prairie chicken. 

Severe competition existed between pheasants and 
prairie chickens, especially during the spring and 
early summer months when male pheasants were 
defending their territories. This competition could 
eventually eliminate isolated pockets of prairie 
chickens in the states where they exist. 


LITERATURE CITED 


Harcer, Etswortu M. 1956. Behavior of a ring-necked 
pheasant on a prairie chicken booming ground. Wilson 
Bull., 68(1):70-71. 

Nicuoias, Eart E. 1950. Local climatological summary, 
Valentine, Nebraska. U.S. Dept. Commerce, Washing- 
ton, D.C. 6pp. 

SHarp, Warp M. 1953. A reevaluation of plant commt- 
nities within the pheasant range in the Nebraska Sand- 
hills. Ecology, 34(4):771-777. 


Received for publication October 10, 1956. 





School « 
Loui 


Altho 
been re 
Americé 
reportec 
Louisia! 
cause 0 
the Sou 
stances 

A fev 
ianus 7 
fall of - 
summel 
south-c 
located 
compris 
the Gul 
The pai 
of app 
coastal 

Most 
Gulf le 
With n 
this are 
tensive 
salt wa 
area to 
an aver 
erage | 
July ter 
290 da 
inches. 

Wid 
has cor 
were ¢ 
few be 
grazed 
few ye 
area, § 
barges, 
extensi 
ous, pr 
of ele 
marshl 
marsh 

Befc 
vated 

time n 

Teverte 

draina 

were, 
plague 

Was re¢ 

cattle, 

land 1 





Nlerance 
easants, 
rouse in 


id early 
Z were 
vere Te- 


te both 
success 
easants 
yminate 
unable 
tails or 
ts and 
grouse, 
toward 


nts and 
ng and 
S were 
. could 


prairie 
-necked 
Wilson 
/ashing- 


commu- 
a Sand- 





A MARSH DEER “DIE-OFF” IN LOUISIANA 


Leslie L. Glasgow and Allan Ensminger 


school of Forestry and Agricultural Experiment Station, Louisiana State University, Baton Rouge; and 


Louisian 


Although deer “die-offs” due to starvation have 
heen recorded from many upland areas of North 
\merica, to the writers’ knowledge none has been 
reported from marsh habitats nor from the state of 
Louisiana. The following report is presented be- 
cause of the increasing interest in deer mortality in 
the Southeast and because of the unique circum- 
stances encountered in the present investigation. 

A few reports of marsh deer (Odocoileus virgin- 
ianus mcilhennyi) mortality were received in the 
fall of 1953, and many were received through the 
summer and fall of 1954 from the coastal marsh in 
south-central Louisiana. The critical deer range was 
located between White Lake and Marsh Island and 
comprised approximately 400,000 acres adjacent to 
the Gulf of Mexico in Vermilion and Iberia parishes. 
The part of this area that we investigated consisted 
of approximately 100,000 acres south of Inter- 
coastal City. 

Most of this marsh was 1 to 2 feet above mean 
Gulf level, with scattered ridges elevated to 3 feet. 
With normal tides, prior to the digging of canals, 
this area was a fresh-water marsh; however, an ex- 
tensive canal system has permitted the intrusion of 
salt water and the conversion of some parts of the 
area to brackish-marsh communities. The area has 
an average annual rainfall of about 58 inches, an av- 
erage January temperature of 54°F., an average 
July temperature of 82°F., and a growing season of 
290 days. The normal tidal fluctuation is about 18 
inches. 

Widespread canal digging, which began in 1925, 
has continued to the present time. Most early canals 
were dug for drainage and transportation, with a 
few being constructed to confine cattle that had 
grazed the marsh for many years. During the last 
few years, there has been much oil activity in the 
area, Since all wells have been drilled from floating 
barges, canals were required for this work. After 
extensive canal digging, deer became more numer- 
ous, probably a direct result of the increased acreage 
of elevated land and the drainage of adjacent 
marshland that provided better deer range than the 
marsh proper. 

Before 1938, the ridges in the area were culti- 
vated and planted to cotton and corn. Since that 
time no farming has taken place, and the land has 
reverted to natural marsh conditions, although 
drainage left these ridges drier than they formerly 
were. The incidence of anthrax, which periodically 
plagued cattle (and probably deer) in the marsh, 
was reduced in seriousness by the vaccination of 
cattle. Small, interspersed tracts of privately owned 
land were incorporated with large landholdings, 


a Wild Life and Fisheries Commission, Rockefeller Refuge, Grand Cheniere, Louisiana 


with a consequent reduction in the illegal killing of 
deer. These factors undoubtedly contributed to the 
increase of the deer population. 

The land has always been trapped and hunted. It 
has at various times supported high muskrat (On- 
datra zibethica rivalicius) populations and more 
recently a high nutria (Myocastor coypus) popula- 
tion. Huge flocks of blue and snow geese (Chen 
caerulescens and C. hyperborea) winter in the area 
annually. Severe “eat outs” have been caused in the 
past by muskrats and geese, with less severe ones 
recently by nutria. Scars from these “eat outs” still 
remain in the form of dense stands of annual plants 
such as marsh fleabane (Pluchea purpurascens). 

The elevation of the marsh floor with its associ- 
ated ecological influences is one of the major fac- 
tors controlling plant types. Often a difference of 
two or three inches in elevation is sufficient to limit 
types. The principal elevations and their major 
plants were as follows: 


1. Canal banks 

(a) Pure roseau (Phragmites communis ) 

(b) Bermuda grass (Cynodon dactylon), 
marsh-elder (Iva frutescens ), and winter 
willow (Baccharis halimifolia) 

(c) Brush and scattered trees—dewberry ( Ru- 
bus sp.), wax-myrtle (Myrica cerifera), 
yaupon (Ilex vomitoria), hackberry (Cel- 
tis laevigata), honey-locust (Gleditsia tria- 
canthos), rattlebox (Daubentonia tex- 
ana), and a variety of plants including 
deer pea ( Vicia ludoviciana); 


2. Intermediate elevations 
(a) Pure hogcane (Spartina cynosuroides) 
(b) Wiregrass (Spartina patens), Olney 
three square (Scirpus olneyi) and coco- 
grass (Scirpus robustus ); 


3. Lower elevations 
(a) Cattail (Typha spp.), bulltongue (Sagit- 
taria spp.), and bullwhip (Scirpus cali- 
fornicus ) 
(b) Olney three square. 


Several other plants occurred on each area but 
they usually made up a minor part of the plant 
community except on disturbed areas where an- 
nuals such as millet (Echinochloa spp.) formed pure 
stands. Visits to this area in 1950 and 1951 revealed 
that cattail and saw-grass (Cladium jamaicense) 
were widely distributed in dense stands over the 
area, but at the time of this study both had prac- 
tically disappeared. 
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FIELD INVESTIGATION 


During the present investigation, conducted by 
personnel of the Louisiana Agricultural Experiment 
Station and the Louisiana Wild Life and Fisheries 
Commission, 24 deer were found dead. Nine ad- 
ditional animals in late stages of starvation were col- 
lected for autopsy by veterinarians in the Louisiana 
State University Department of Veterinary Medi- 
cine. Many dead deer that could not be checked 
were reported by men employed in the marsh. 

Characteristics of the die-off were as follows: 
(1) there was a marked deterioration in the physi- 
cal condition of the deer; (2) the animals became 
listless, permitting humans to approach them quite 
closely before making a half-hearted attempt to es- 
cape; (3) groups of deer were attracted to small 
areas containing palatable food; (4) weakened ani- 
mals that were pursued soon became exhausted and 
were easily caught; (5) weak deer that concen- 
trated along bodies of water were usually found 
dead near the same location. 


Discussion 


During the early stages of the “die-off” in 1953, 
workers in the marsh reported seeing weakened and 
dead bucks along canals, but rarely reported a weak 
doe or fawn. It was not until the summer of 1954 
that weak does and fawns were commonly seen and 
later found dead. The field studies, which sup- 
ported these reports, showed that the bucks died 
first, does second, and fawns last. This was in the 
reverse order of mortality for northern “die-offs” 
which were due to malnutrition (Dahlberg and 
Guettinger, 1956). At least 90 per cent of the marsh 
deer’s diet was obtained by grazing; therefore, the 
necessity to reach high for food did not exist in the 
marsh. Animal nutritionists (Morrison, 1948) have 
shown that the males of several species require 
greater quantities of food to maintain bodily func- 
tions than females or young animals. They have also 
shown that females require greater quantities of 
food than young animals. Assuming that these as- 
sertions are correct, one would expect the above- 
described death pattern on a coastal deer range 
where there was an inadequate food supply. 

As shown in Table 1, 4 dead fawns and 29 dead 
adult deer were examined, giving an age ratio of 
14 young per 100 adults. The sex ratio of dead ani- 
mals was 182:100. Sex ratios of live deer were not 
compiled, but since a buck law prevails in the area, 
it is probable that there were more females present 
on the range than males and that the actual percent- 
age of the total bucks that died in the herd was far 
greater than the percentage of does. 

The veterinarians’ autopsies failed to reveal any 
causative pathogenic organisms. Cultures were 
made of major tissues and their blood. In all ani- 
mals there were congested areas in the lungs, the 
bladder of each animal was enormously distended, 
and there was pronounced edema. The three veter- 
inarians agreed that the ailment was of long stand- 
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TaBLE 1.— AGE AND SEX OF DEER Founp Deap 
AND THOSE COLLECTED For Autopsy 
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ing and that the above symptoms were probably of 
a secondary nature. They suggested malnutrition 
as a possible cause of the trouble. 

During the field investigations it was evident tha 
there was a lack of suitable forage plants, Son. 
plant species had been killed or reduced in Vigor 
primarily by salt-water intrusion and drouth, Be. 
fore the construction of canals, fresh water was re. 
tained over the marsh for prolonged periods follow. 
ing rains. The canals now not only permit the rain 
water to run off rapidly but also allow salt water tp 
enter the marsh, especially with a moderate to high 
south wind, which has more influence on tides than 
the position of the moon and sun. Therefore, inter. 
action between rainfall and wind govern the degree 
of salinity in the area. 

The investigators were not present in the are 
during 1952 when a drouth accompanied by occas- 
ional high tides extended from the latter part of Av. 
gust through October. It is probable that at this 
time water containing 5,000 to 7,000 p.p.m. of 
chloride was driven over the marsh by strong winds, 
In 1953 a drouth extended from late August through 
September. In 1954 a prolonged drouth occurred 
with rainfall considerably below normal in ever 
month except July (U.S. Weather Bureau, 1952, 
1953, 1954; U.S. Corps of Engineers, 1952, 1953, 
1954a, 1954b). 

Following the 1952 inundation with salt water, 
numerous reports were received from marsh land- 
owners of the disappearance of saw-grass and cattail 
stands. This decrease continued until both plants 
were almost exterminated over thousands of acres. 

Many acres of marsh remained in a dry or stag- 
nant condition with much of the vegetation making 
very little or no growth in 1954. Deer pea, as wel 
as other succulent plants such as millet, spike rush 
(Eleocharis spp.) and bacopa (Bacopa carolini- 
ana), which normally provide large amounts of 
forage for deer, were almost completely absent. 
Other plants that supply deer with food became dry 
and hard early in the spring and failed to produce 
succulent growth during the entire season. A range 
survey in the fall of 1954 revealed that there was 
practically no suitable food or drinking water 
available for deer. This condition prevailed prior to 
and during the period when the greatest number of 
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ak and dead deer were observed. Nutria, geese, 
a cattle, which were present in the area, com- 
yo directly with the deer for food. 

Mosquitoes may have contributed to the poor 
condition of the deer, since unusually large dark 
clouds of the insects could be observed almost any- 
where in the marsh. 

Field examinations of dead deer ruled out screw 
worms (Cochliomyia sp.) as a cause of death. Lab- 
oratory autopsies suggested that disease was not the 
primary cause. The very evident symptoms of mal- 
nutrition ‘plus the extremely poor condition of the 
range indicated that the “die-off” was probably a 


result of malnutrition due to the scarcity of nutriti- 


ous food. ; ; ; 
In the spring of 1955, rainfall, which again be- 


came normal, and an intensive burning program 
were followed by a lush sprout growth of perennial 
plants as well as many annuals. It was at this sea- 
on that the surviving deer began to acquire a nor- 
mal, healthy appearance. 


SUMMARY 


A study was made of marsh deer mortality in 
south-central Louisiana in 1953 and 1954. Strong 
southerly winds inundated the deer range with 
saline Gulf water in 1952 at a time of severe pro- 
longed drouth. The salt water and drouth elimi- 
nated practically all the succulent fresh marsh 


vegetation on which deer relied for food. This veg- 
etation remained in a stagnant condition through 
1953 and 1954. The death of adult male deer in 
1953 was followed by the death of additional males 
plus does and fawns in 1954. Twenty-four dead 
deer were examined in the field, and nine weakened 
animals were autopsied in the Veterinary Science 
Department at Louisiana State University. Disease 
symptoms were lacking, but symptoms of starvation 
were very evident. Because of the lack of nutritious 
range plants, it is believed the “die-off” was due to 
malnutrition. 
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CROP THICKENING AND SEPTEMBER NESTING OF DOVES 


Larry D. Caldwell 


Department of Zoology, University of Georgia, Athens 


It is generally accepted that the presence of 
pigeon milk in the crop of an adult dove indicates 
that it has dependent young. However, Peters and 
Wolfe (1954) state that the relationship between 
“glandular” crop thickening and nestling depend- 
ency has not been satisfactorily determined. Little 
evidence has been presented to date to show that 
crop thickening is a reliable indicator of nestling 
dependency, yet the thickened crop is one of the 
criteria used in determining opening dates for hunt- 
ing seasons. 

During the second and third weeks of September 
1954, 36 adult mourning doves (Zenaidura mac- 
roura) were collected in southern Michigan. The 
collections were made within ten miles of the 
Michigan State University Kellogg Bird Sanctuary 
and Farm where an intensive dove-nesting study 
was being conducted by the author (Caldwell, 
1955). Of the 36 adults collected, 15 (42 per cent) 
had thickened crop walls, and four others showed 
a trace of the thickening. Eighteen of these 36 
adults were taken under hunting conditions over 
fields having flocks of from 7 to 45 birds. The 


incidence of crop thickening in these adults was 
39 per cent. Only four (10 per cent) of an ob- 
served 41 pairs of breeding doves on the Sanctuary 
and Farm were nesting in September and thus 
might be expected to have the thickened crop. Two 
of these pairs fledged their young before September 
8. Since the percentage of the occurrence of the 
thickened crop in the sample of collected birds was 
so high, it seems that either the sample was un- 
consciously biased in favor of doves with a thickened 
crop or, as also seems likely, the thickened crop in 
a September adult does not necessarily mean that 
it is still nesting. 

Hamm (1948) reported that 17.8 per cent of 
1,187 adult doves shot in eastern Tennessee in 
September were feeding young as judged by crop 
conditions. Korschgen (1955) reported that 6.0 
to 6.8 per cent of 1,359 September-shot doves ex- 
amined in Missouri in 1951-53 had thickened crops. 
Quay (1951) reported that 20.5 per cent of 278 
adult doves in North Carolina examined during 
September in 1939-41 had pigeon milk in their 
crops at a time when 24 (13 per cent) of 184 
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observed (eventually successful) nests were not yet 
completed. In Georgia, Jenkins (1955) found that 
35 per cent of 79 adults collected in September had 
thickened crop walls, yet Hopkins and Odum (1953) 
working in the same area could find very few active 
nests in September (for example, only one out of 
31 nests studied in 1951 was still active in Septem- 
ber). Jenkins concluded, however, that a definite 
shooting bias existed under the collecting condi- 
tions. It would appear from these data that the 
presence of a thickened crop as determined by 
superficial examination of birds in hunters’ bags 
may not be a reliable indicator of September nest- 
ing. Further studies of the crop condition of Sep- 
tember nesting adults are needed to clarify this 
matter. 
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VALIDITY OF SPUR LENGTH AS AN AGE CRITERION IN PHEASANTS 


Allen W. Stokes 


Department of Wildlife Management, Utah State Agricultural College, Logan, Utah 


Measurement of the length of a particular body 
structure is a common method of distinguishing 
between adults and juveniles in a wide variety of 
animals. Structures most commonly used by game 
biologists are baculum (Elder, 1951; Sanderson, 
1950); incisor width (Sooter, 1946); bursal depth 
(Hochbaum, 1942; Linduska, 1943); and length of 
spurs. An ideal age character is one with no over- 
lap in lengths of adult and juvenile structure. With 
most age criteria, however, there is a certain degree 
of overlap in measurements, hence the usual in- 
ability to use weight, limb length, or body length. 

Earliest attempts at aging pheasants (Phasianus 
colchicus) involved largely qualitative characters. 
Adults were separated from juveniles on the basis 
of length, shape, color, hardness, and texture of the 
spur (Linduska, 1943, 1945). Linduska believed 
that by such methods juveniles might be distin- 
guished from adults with a high degree of accuracy. 
Subsequent investigators, however, believed that 
these largely qualitative characters were unreliable 
when applied extensively, and have turned to a 
quantitative character—spur length. 

Linduska (1943) first proposed spur length as an 
age character for pheasants. He plotted the distri- 
bution of spur lengths of 337 cock pheasants, the 
age of which he determined by bursal examination. 
There was very little overlap between adult and 
juvenile spur lengths; but to distinguish between 
adults and juveniles from inspection of the curve 
alone would have been difficult (Fig. 1). Lin- 
duska’s sample of spurs was atypical. It came from 
a population in which the ratio of juveniles to 
adults was 23:1. The juvenile portion of the curve 


almost completely dominated the adult portion, In 
most pheasant populations, where cocks only ar 
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Fic. 1. Frequency distribution of adult and juvenile spur 
measurements at Rose Lake, Michigan, 1940 (from Lin- 
duska, 1943). 
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, adult. Fig. 2 gives the distribution of spur 
ngths from samples collected in four different 
dates. Age ratios of these samples varied from 
94 to 3.0 young per adult. The strongly bimodal 
distribution that one looks for in an age criterion to 
separate adults sharply from juveniles is conspic- 
uously lacking in these curves. One cannot distin- 

ish between adult and juvenile spurs by inspec- 
tion of these curves alone. 
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Distribution of spur lengths from pheasants shot 
in hunting season. 


Fic. 2. 







Kimball (1944) proposed the use of a gauge of 
such diameter that it would pass over the short 
spur of a juvenile cock pheasant but be stopped by 
the longer spur of an adult. He realized that there 
would be some overlap in spur lengths of adults and 
juveniles. To minimize this error he used a gauge 
of %-in. diameter. With this diameter as many 
juveniles in his sample would be incorrectly called 
adults as adults would be called juvenile. Hence, 
compensated error was zero. After more extended 
measurements, the diameter of the gauge was in- 
creased to 25/32 in. or 19.6 mm. (Nelson, 1948). 
Kimball recognized that time of hunting season and 
geographic differences would create differences in 
spur length. Despite his caution, biologists in some 
other states have adopted the Kimball gauge as 
an age criterion with no attempt to modify it for 
local conditions. To be sure, I have found no age 
ratios in the literature based upon the Kimball gauge 
alone. But I have found this practice reported in 
the Pittman-Robertson Quarterly Progress Reports 
irom two different states and have learned of similar 
practice among other biologists from personal com- 
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Fic. 3. Distribution of spur lengths of pheasants shot in 
Sutter Basin, California, and in Wisconsin, 1954. 


munication. Therefore, it seems well to point out 
the degree of error that one might encounter by 
relying strictly upon the Kimball gauge. 

I wish to thank the following people for furnish- 
ing me with samples of pheasant legs used in Figs. 
2 and 3: F. H. Wagner, Wisconsin Conservation 
Department; C. M. Hart, California Department of 
Fish and Game; W. J. Miller, North Dakota Game 
and Fish Department; and C. M. Greenhalgh, Utah 
Fish and Game Department. 


Spur GrowTH 


One source of error in the spur gauge lies in the 
fact that spurs of juvenile pheasants continue to 
grow throughout the hunting season. Nelson (1948) 
found that mean spur lengths of juvenile cocks in 
South Dakota increased on the average of 1.5 mm. 
in the two months from October 15 to December 
13. For 40 captive juvenile cocks that I studied 
in Utah, the average growth over a similar period 
(18 to 27 weeks) was 2 mm., the mean spur length 
increasing from 17.1 to 19.1 mm. The number of 
spurs reaching 19.6 mm. in this period increased as 
follows: 


18 20 22 24 26 
10 20 33 42 


Age of cocks in weeks 16 
Per cent reaching 19.6 mm. 0 5 


Hence, if a spur gauge of fixed diameter were used 
throughout a hunting season, more and more juve- 
niles would be misclassified as the season advanced. 
Differences in the interval between hatching and 
hunting season will also affect average spur length 
and influence the accuracy of the spur gauge. At 
onset of hunting in 1954, cock pheasants in Cali- 
fornia were about eight weeks older than those in 
Wisconsin as indicated below (data furnished by 


C. M. Hart and F. H. Wagner): 
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California Wisconsin 
Peak of hatching June 1 June 20 
Start of hunting November 20 October 16 
Age at hunting (weeks) 25 17 


The difference in distribution of spur lengths for 
these two states is shown in Fig. 3. The peak of 
spur distribution occurs at 20 mm. for the Cali- 
fornia sample and at only 17 mm. for Wisconsin. 
On the basis of growth rates of spurs reported 
above, about half of this 3-mm. difference is prob- 
ably attributable to the greater age of the California 
birds at the time of the hunting season. Use of the 
Kimball gauge on this California sample would give 
an age ratio of 0.66 young per adult. Actual age 
ratio of this group of cocks, as determined by 
bursal examination, was about 5.7 young per adult 
based on a sample of 537 cocks taken from the 
same area (Hart, pers. comm.). Hence, use of an 
unmodified Kimball gauge in California would be 
highly unsatisfactory. Hart believes a gauge of 
about 22 mm. would be necessary for California 
birds. 

Some of the differences between California and 
Wisconsin spur lengths may be due to differences 
in strain of pheasants, but there have been no 
studies to confirm this. 


FLUCTUATION IN AGE RaTIOos 


Variable fall age ratios also affect spur-length 
distributions. Kimball’s spur gauge was designed 
to give 100 per cent compensated accuracy in an 
area where fall age ratios of cocks were approxi- 
mately 3 young per adult. Figures in Table 1 come 
from data presented by Berner (1947). To show 
the effects of age ratios, I have multiplied the young 
segment of his sample in one instance by 2 and in 
another instance by 5 to create samples with age 
ratios of 6 and 15 young per adult respectively. With 
an age ratio of 6:1, the spur gauge would have to 
be increased to 20.0 mm. to give the true age ratio 
of this sample. Similarly, with an age ratio of 15:1, 
a gauge of 20.4 mm. would be necessary. If the 
standard gauge were used, the true age ratios 
would be considerably in error, as shown in the 
final column of Table 1. 

Fluctuations in fall age ratios of the degree 
shown in Table 1 may occur from one year to the 
next within any state. Similarly wide tluctuations 


TABLE 1.— THE EFFECT OF VARIABLE CocK AGE 
RATIOS IN THE POPULATION ON DETERMINATION OF 
Cock AcE RATIos FROM SpuR LENGTHS 








Calculated 
Age Ratio Using 
19.6-mm. Gauge 

(Young per Adult) 


Diameter of Gauge 
Required to Give 
Correct Age Ratio 
(mm.) 


True Age Ratio 
(Young per Adult) 





3.0 19.6 3.0 
6.0 20.0 4.4 
15.0 20.4 10.9 





may occur between areas of high and low prod 
tivity within a state and between states, - 

The above sources of error are so great that th 
Kimball spur gauge should not be used with 
making corrections for (1) regional Mienaent 
spur lengths of pheasants, (2) age in weeks of 
pheasants when shot, (3) changing age ratios o 
year to year or from one region to another, Few 
of these corrections can be made unless a lar 
sample of spurs is available and can be dais 
against bursal depths. 


CONCLUSION 


Perhaps because of the difficulty of correctin 
for the above sources of error in the spur tin 
biologists in many states have now virtually aban, 
doned this technique. Instead, they are reverting 
to the very same qualitative spur characters for 
determining age recommended 12 years ago by 
Linduska (1943). Where biologists can run through 
a long series of pheasant legs of known age, it 
seems possible for them to learn how to distinguish 
juveniles from adults with considerable accuracy, 
There are as yet no published reports on reliability 
of this method. It has the weakness of subjective 
judgment and qualitative rather than quantitative 
standards—a weakness the spur gauge was sup. 
posed to eliminate. Hence, aging of pheasants has 
swung full circuit and has now returned to the 
general methods in use 12 years ago. That this 
method approaches the accuracy of the bursal- 
depth technique is questionable. It is hoped that 
biologists using qualitative spur characters wil 
publish their results promptly for the benefit of 
newcomers to the field. 
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A COLLAR FOR IDENTIFICATION OF BIG GAME? 


Donald R. Progulske 


South Dakota State College, Brookings, South Dakota 


All methods yet devised for marking big-game 
mammals individually have undesirable features. 
Colored plastic ear tags, as used by Leopold, et al. 
(1951) to mark mule deer (Odocoileus hemionus ), 
may be recognized up to one-quarter mile if condi- 
tions are optimum and a telescope is used. How- 
ever, these markers are usually recognizable only at 
much shorter distances if many different colors and 
patterns are employed; moreover, they are often 
lost, Ear cuts used in combination with tags are 
usually recognizable only at short distances and are 
sometimes confused with natural deformities. Large 
areas of dyed pelage can be seen farther, but some 
dyes fade, and at best they are lost with the molt 
(Webb, 1943; Clover, 1954). Natural deformities 
and markings have been used to identify individuals 
(Kabat, et al., 1953), but often too few animals 
have distinctive markings. The use of bells enables 
observers to secure records for many deer that are 
not seen, but it is possible to mark only small num- 





1Contribution from the Missouri Cooperative Wildlife 
Research Unit: U.S. Fish and Wildlife Service, Wildlife 
Management Institute, Missouri Conservation Commission, 
Edward K. Love Foundation, and the University of Mis- 
souri cooperating. 


MATCHING HOLES 
FOR RIVETS . 


bers of animals individually with bells (Taylor, 
1947 and pers. comm. ). 

During a study of movements and home ranges 
of white-tailed deer (O. virginianus) in Missouri, 
the writer developed a conspicuously colored collar 
that proved superior in some ways to the marking 
schemes discussed above. 

The collar was made of belt leather, “heavy 
weight” Duran upholstery plastic (obtained from 
T. Matthews Upholstery Company, Kansas City, 
Missouri), and a l-inch buckle, according to the 
specifications given in Fig. 1. The buckle was at- 
tached so that the plastic could be cemented to the 
rough side of the leather. Goodyear Pliobond ce- 
ment proved to be most satisfactory for fabricating 
the plastic design and attaching it to the leather; 
the plastic was best cemented to the leather when 
the ends of the collar were buckled together. The 
plastic and leather sometimes were also sewn to- 
gether for added strength. Outdoor-exposure tests 
of the plastic made for one full year indicated that 
this material is durable, color-fast, and flexible even 
at below-freezing temperatures. Five colors of 
plastic (red, yellow, green, black, and white) 
were used in combination with five designs shown 
in Fig. 1. In favorable light these designs were eas- 
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Fic. 2. Adult male white-tailed deer in rut and with swollen 
neck, marked with collar. 


ily identified at 350 yards with the aid of seven- 
power binoculars. A collared deer is pictured in 
Fig. 2. 

The collars were buckled loosely around the necks 
of the deer to allow for future growth and swelling 
of the necks of bucks during the rutting season. The 
26-inch collar used in this study formed a circle 20 
to 23 inches in circumference when buckled. This 
size appeared to be adequate for the eight adult 
bucks and does marked, but one collar that was 
buckled to the minimum circumference was later 
found to fit snugly on a 21-year-old buck. For 
more accurate information bearing on collar size, 
measurements were made on the smallest circum- 
ference of the necks of adults killed during the hunt- 
ing season, which, in Missouri, partly coincides with 
the rut. Measurements of 40 adult males of age 
classes 24% through 5% years ranged from 17 to 31 
inches, and averaged 22 inches. The neck of one 
large female was 16 inches in smallest circumfer- 
ence. From these measurements and the experience 
with collared deer, a collar 20 to 21 inches in cir- 
cumference is recommended for females, and one of 
25 inches in circumference is recommended for 
males. 

The collar is not suitable for very young deer, be- 


cause if buckled loosely en : 

can slip over the an ay oma 
; : ; Of an elast, 

section might solve this problem. ‘ 

There was no evidence in this Missouri study tha 
these collars ever contributed to mortality by oo 
ing deer up in vegetation or in fences, nor was rv 
trouble encountered when sizable numbers of ¢ 
were belled in Texas (W. P. Taylor in litt.) a 

Deer with wide, colored collars were seen § 
periods as long as 16 months; one was identified 99 
times during 6 months. A narrower, uncolored 
leather collar was helpful in visual identification of 
a belled deer that was seen 28 times. After 19 
months, the deer was shot, and the collar was found 
still in good condition. No collars applied to yea. 
lings or older deer in this study were known to be 
lost afield. 

All deer provided with collars were also marked 
with laminated ear tags. These *ags were made from 
two discs of colored acetate plastic 0.015 to 0.090 
inch thick, 24% inches in diameter, and cemented 
with acetone. A distinctive design with contra. 
ing color was then bonded to the outer face of the 
laminated disc. These laminated markers were 
much more durable than those made from a single 
layer of plastic. 

After this note was submitted for publication, the 
use of reflective collars on Australian mammals was 
described by Ealey and Dunnet (1956). Their 
method involved (a) strips of polyvinyl] chloride in. 
stead of leather as the basic collar and (b) a clever 
system of symbols used to number individual ani- 
mals. 
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REVIEWS 


ing American Resources. By Ruben L. 
ai Prentice Hall, Englewood Cliffs, New 
Jersey, 1956. 550 pp. $8.65. 


This comprehensive presentation on American 

sources is compiled and written by a single author, 
vgeographer This method has the advantage of uni- 
pa of writing and treatment and of good co- 
ordination of the many parts. It has the inherent 
disadvantage that the author cannot be expert in all 
the fields discussed and may therefore fall into 
rors of fact or judgment. The alternative is to 
have an editor bring together chapters by different 
authors, each expert in his field. This often results 
in varied style, conflicting opinions and inadequate 
correlation. 
= reviewer prefers the approach used in this 
hook when it is well done, and this one is well done. 
The author thinks ecologically and thus, even though 
the subject is necessarily compartmented into chap- 
ters, they are well tied together. While wildlife is 
objectively treated in three chapters, it is frequently 
discussed in others as wildlife is affected by other 
resources. 

The subject is handled in seventeen chapters. In- 
duded are three that set the stage, reveal the 
author's philosophy, fit conservation of resources 
into the American social system, and look into our 
future prospects. They open the book (two chap- 
ters) and close it. In between, water is given two 
chapters, soils and land four, forests two, grasslands 
one, wildlife (including fisheries) three, recreation 
one and minerals one. The “unified approach to 
conservation” is the key theme. Following the sub- 
ject matter chapters is a section on teaching aids and 
one on bibliography. It is amply illustrated with 
214 photographs, line drawings and charts. The 
diagrammatic drawings are well done, but some of 
those depicting scenes in cartoon style are poor. 
The mediocre paper used in the book impairs the 
clarity of some of the illustrations. 

The three wildlife chapters are titled: “Wildlife: 
Functions and Abuses;” “Wildlife Conservation;” 
and “Our Bordering Seas.” Wildlife history and 
problems and the main segments of management 
are fairly well presented but with a tendency to 
oversimplify. The protectionist view is given some- 
what more emphasis than the sustained-use view. 
The general wildlife treatment is to discuss condi- 
tions and principles. The animals themselves come 
in mostly in citing examples. Farm wildlife is given 
more prominence than forest and aquatic species. 
Proper stress is given to the importance of habitat 
and land use and the limited places for artificial 
propagation and restocking, introduction of exotics, 
winter feeding and control of predators. The 
slaughter of wildlife in the pre-conservation era is 
over-dramatized and the extinction of species by 
mans actions treated with more sentiment than 


necessary. Predator stomach analyses are used as 
the whole story in judging their niche; the insect- 
and seed-eating habits of birds are used to reach 
incomplete appraisals of their economic value; it is 
intimated that all land drainage is unwise. Never- 
theless, the author has generally kept ecological 
principles pretty straight and does a good job of 
showing the complex relationships in wildlife popu- 
lations. 

The chapter on ocean resources also includes 
what little is given on fresh-water sports fisheries. 

This book is suitable as a text for a basic college 
course in natural resources. The author has also 
planned it for use of teachers in high school and the 
upper grades. It is a good book for the layman to 
read. The author’s style is clear and readable with 
enough humour to provide a bit of spice. 

The author is optimistic about our future, a re- 
assuring view but possibly too much so, this re- 
viewer thinks. He places primary stress on educa- 
tion as the tool to accomplish conservation. He 
emphasizes the importance of the generalist in con- 
servation work as contrasted with the specialist. 
He says that every professional conservator should 
be thoroughly grounded in geography. These are 
viewpoints to stimulate vigorous discussion—and 
they are for him, a teacher of geography, a natural 
and healthy bias —Frank C. EpmMinster, U.S. Soil 
Conservation Service, New Brunswick. N.J. 


Pelican in the Wilderness. By F. Fraser Darling. 
Random House Inc., New York. 1956. 380pp., 
illus. $5.00. 


Few people who have any interest in nature or 
renewable-resource conservation can fail, surely, to 
find this book of absorbing interest. Written in 
beautiful English and with frequent change of pace, 
it takes us with Dr. Fraser Darling, the ecologist, 
first to UNESCO and IUPN meetings at Lake Suc- 
cess in 1949, then in 1950 through Wisconsin, south- 
western United States, Wyoming through to Florida, 
and to Mexico. Finally we are carried to Alaska, in 
1952. 

We meet a veritable who’s who of United States 
conservationists—such names, randomly selected, 
as Paul B. Sears, Warren Weaver, Hugh Bennett, 
J. J. Hickey, D. I. Rasmussen, Starker Leopold, 
Olaus Murie, Wm. Albreit, Enrique Beltran, and 
John Buckley will give some idea of the wide range 
of interests and areas sampled. Even allowing for 
these many outstanding contacts, one is still amazed 
at the wealth of observations made by the author; 
one comes to realize more fully the experience and 
mental capacities that have already made him 
known and respected by many on this continent. 

Fraser Darling, then, draws upon a surprising 
range of interests to weave around his central theme 
of ecology a kaleidoscopic word picture touching 
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on architecture, religion, morals, pollution (as in 
Chicago ), bull fighting, hill-billies (sic), and other 
matters too numerous to mention. He shows a 
special interest in eating places, and his vivid 
mention of liver and bacon will stir the memory of 
many a reader. The multitude of topics commented 
upon dilutes much of the scientific theme, but 
makes for an absorbingly interesting and human 
story. 

Drawing upon his experience in his own country, 
especially in the Scottish Highlands, the author 
makes pointed comment upon many of our agricul- 
tural practices on this continent, particularly as 
they relate to grazing. Similarly he relates his ex- 
perience to many of our wildlife range problems. 
The excellent contribution he makes to our ecologi- 
cal understanding makes one wish that as a people 
we were more ready to avail ourselves of the ex- 
periences of the older nations. At the same time, 
the author’s glowing tributes (well-deserved, too! ) 
to the ability and work of many of our North Amer- 
ican conservationists make one wonder if we ap- 
preciate what we have at home. 

It is perhaps inevitable, but still to be regretted in 
a book of this kind, that many problems are over- 
simplified. To the scientist, this is vaguely annoy- 
ing but not really harmful, as he should have the 
specialized knowledge to think these problems 
through. To the lay reader, without the necessary 
background, a disservice may be rendered. How 
many of our difficulties in wildlife management 
have arisen from limited understanding, by the 
public, of the complexities of our problems. Thus 
the presentation (with little or no qualification or 
comment) of such generalities as the realization of 
“... how important the wolf was in the well-being 
of a herd of deer. . .,” that “Annual breeding in 
the Arctic is not the general rule,” that the coyote- 
control policy in the United States “. . . is already 
showing its consequences in rodent irruptions in 
the wake of control,” and that “Dave has found that, 
when shortage of food makes itself felt, the moose 
stops breeding, a merciful check to over-population 
which seems denied to many other deer” will cause 
many a wildlife biologist (and layman, too) more 
than a little unease. The conclusion drawn that to 
find men catching, in the Colville River (?), fish 
two feet long is “. . . some indication of the richness 
of the environment . . .” will leave fisheries biologists 
wishing there had been some mention of age of the 
fish, of their movement patterns and of the fishing 
pressure, to support the thesis. We have all wished 
at times that we might reduce our problems to a 
few simple statements, but bitter experience has 
taught us that things biological can rarely so be 
treated. The author, from his deer work and other 
researches, knows this, and in fact indicates such 
in this book in his discussions with Errington on 
self-regulatory thresholds in wild populations. But 
he leaves the trap set for the unwary reader, with 
few warning posters to guide him around it. 
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Other statements in the book ma 
For example, all trap lines in heat. eed 
registered, contrary to the author’s informant = 
Customs man. Social anthropologists May argue the 
conclusion implicit in the general statement, a 
to the future of Eskimos if thrown from gainfy] 
ployment once more upon their own resources the 
“Salvation will be in the paradox, in that the ol 
hunting life has never been thrown aside but has 
remained co-existent with the rubber, the hens 
and the bread.” Certainly northern administra 
would like to feel so assured. Archaeologists may 
wish to quarrel with the statement ( unqualified) 
that the Orkov culture (does he mean Okvik?) has 
produced the finest eskimo art in Alaska, and that 
all eskimo cultures since have fallen short of thy 
standard. There appears to be some mistake jp 
calculations relating to Nunivak Island and jg 
caribou populations. Perhaps this is due to a major 
typographical error; there are unhappily quite a fey 
minor ones. 

Finally, the author, who pulls no punches in his 
comments upon persons, places and things, may 
hurt a few feelings. This may be unavoidable in , 
book touching on human ecology. Yet as one reads 
this book one feels that here is a man of great sym- 
pathy and human understanding. Can it be then, 
that the “harsh word written” is but a cover, the 
accoutrement of the scientist self-styled “. . . a pessi. 
mist philosophically and one content to be a dé. 
illusionné”? Readers will have to draw their own 
conclusions. 

In summary, biologists and ecologists will want to 
read this book. They may expect to find good 
ecology, good sense, plenty to argue about, and 
much heart-warming exposition. They will not leam 
any new principles or find any answers to their 
problems.—W. Winston Marr, Canadian Wildlife 
Service, Ottawa, Ontario. 


The Future of Arid Lands. Edited by Gilbert F. 
White. American Association for the Advance- 
ment of Science, 1515 Massachusetts Ave., N.W, 
Washington 5, D.C. 1956. ix + 453pp., 49 illus. 
$6.75 (AAAS members, $5.75). 


From April 26 to May 4, 1955, there assembled in 
New Mexico a group of authorities to participate in 
a symposium on the subject of arid lands of the 
world. This international conference was held w- 
der the auspices of the American Association for the 
Advancement of Science and the Southwestern and 
Rocky Mountain Division of the A.A.A.S. Major fi- 
nancial backers of the conference were the United 
Nations Educational, Scientific, and Cultural Or- 
ganization (UNESCO), the National Science Fou- 
dation, and the Rockefeller Foundation. The Usi- 
versity of New Mexico at Albuquerque and the New 
Mexico Institute of Mines and Technology at So- 
corro served as hosts for the meetings. The interna 
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REVIEWS 


tonal nature of the conference is indicated by the 
fact that representatives of 28 countries were in 
Pe dennce pursued the subject of arid lands 
under five main headings: The Broad View; Vari- 
ability and Predictability of Water Supply; Better 
Use of Present Resources; Prospects for Additional 
Water Sources; and Better Adaptation of Plants and 
jnimals to Arid Conditions. Under these various 
headings, 33 papers were presented. 

The volume, ably edited by Gilbert F. White, 
includes these papers, as well as a summary state- 
nent by Olaf S. Aamondt and 31 conference recom- 

ions. 

- a purpose of this conference, arid lands 
were considered to include also the semi-arid re- 
gions, such as the Great Plains of the United States. 
The immensity of the arid lands is made clear by 
the first paper, which points out that on about one- 
third of the land area of the earth, moisture is the 
chief factor limiting production of plant growth. 

The volume presents a mass of facts and authori- 
tative views regarding the characteristics of arid 
lands, the adaptations of plants and animals to arid 
conditions, and the present and possible future eco- 
nomic uses of such lands. The need for research 
and the organized exchange of information on all 
phases of the economic development and human use 
of the products of such lands received prominent 
attention in several papers and in the recommenda- 
tions. 

Readers of THE JOURNAL will note that practically 
all of the thinking is directed toward ways and 
means of encouraging arid lands to produce crops 
of food, fiber, resins, forage for domestic stock, and 
other products to meet the demands of an ever- 
increasing human population. The presentations 
include ways of providing supplemental supplies of 
water, the reduction of salinity, the selection and 
development of domestic plants and animals better 
adapted to arid land conditions, and human uses of 
native vegetation that is now being produced on 
such land. 

Little attention is given to the conservation or 
development of arid lands for recreational use or 
for the production of wildlife. However, one recom- 
mendation (No. 26) reads as follows: “Natural 
arid land, ecological communities of indigenous 
animals and plants in their original habitats, are 
essential for educational and scientific purposes. 
Areas of adequate size should be acquired and pre- 
served in the various arid land countries.” One 
paper specifically discusses the consequences of 
using arid lands beyond their capabilities. 

Of special interest to those working in the field 
of wildlife management are the 58 pages composed 
of seven papers dealing with the adaptation of plants 
and animals to arid conditions. 

The volume is attractively printed on good-quality 
paper. A good index, as well as lists of reference 
material for most of the papers, aid in making this 
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volume a valuable reference for those working with 
the agriculture, soils, climate, plants, economics, or 
animals, including humans, of the arid regions of 
the world.—A. E. Borex, U.S. Soil Conservation 
Service, Denver, Colorado. 


The White-tailed Deer in Wisconsin. By Burton L. 
Dahlberg and Ralph C. Guettinger. Game 
Management Division, Wisconsin Conserva- 
tion Department, Madison 1, Wisconsin. Tech- 
nical Wildlife Bulletin no. 14. 282pp. 1956. 


This book is the first complete report on 14 years 
of deer research in Wisconsin. For the many who 
do not have ready access to state publications, it is 
the first information that has been generally avail- 
able on the progress of Wisconsin deer manage- 
ment. 

The authors must be credited with having done 
an excellent job of organizing and presenting the 
material that has accumulated in files during the 
many years that the Wisconsin deer project has been 
in operation. The historical section, in particular, 
is well handled. The presentation of the long strug- 
gle to attain successful deer management will be 
read with sympathetic interest by game managers 
throughout the land. 

The sections on deer food habits and require- 
ments, artificial feeding, and range relationships 
are perhaps the strongest portion of the book, and 
obviously represent the major emphasis of the field 
work. The data presented in these sections will 
provide useful reference material for all big-game 
workers. 

Criticism must be directed primarily against the 
population section of the report. It is unfortunate, 
for example, that in 14 years of study there was not 
greater effort directed toward obtaining informa- 
tion on deer numbers or population densities. With 
this information almost completely lacking, it is 
inevitable that the treatment of other population 
characteristics would be not entirely adequate. The 
presentation of population data, lumped for the 
entire state, gives results of questionable signifi- 
cance, considering the variety of habitat differences 
and environmental pressures affecting the many 
populations concerned. The methods of obtaining 
data on population phenomena in general are some- 
what uncritical. 

The attempt to study deer movements in Wis- 
consin, like those in many other states, involved 
much effort in trapping and tagging deer, but little 
or none in following up the marked animals. Thus, 
898 deer were trapped, but tag returns were re- 
ceived from only 78. With a small expenditure of 
man power directed toward following marked deer 
these ratios could perhaps have been reversed, with 
worth-while information on deer movements re- 
sulting. The data on deer mobility available to the 
writers called forth a maximum of inductive rea- 
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soning. Some confusion is brought into the discus- 
sion by the decision to call the deer nonmigratory, 
and to treat winter yard and summer range as part 
of one home range. The inability to distinguish 
between normal travels of a deer, within a home 
range, and the more uncommon dispersal travels, 
rutting-season travels, or occasional wanderings of 
deer, results from the scarcity of tag returns. There 
is a need to make more definite distinction in the 
discussion between the travels of transplanted deer, 
and the movements of deer within a familiar home 
area. In general, the information presented in this 
section of the book can only be properly evaluated 
when a more adequate study of white-tailed deer 
movements has been completed. 

It is hoped that these specific criticisms will not 
detract from the credit that the authors deserve for 
having completed a difficult task. The book is a 
worth-while addition to the library of anyone inter- 
ested in deer—RayMonp F. DAsMANN, Humboldt 
State College, Arcata, California. 


Successful Trapping Methods. By Walter S. Chans- 
ler. D. Van Nostrand Company, Inc., New York. 
1955. viii + 15lpp. $3.95. 


This book consists of 25 chapters which cover the 
many phases of trapping. It starts with three chap- 
ters on the often-neglected area of the trapping 
grounds and how to locate them. This is followed 
by three chapters on equipment and four chapters 
on a general discussion of trapping procedure. The 
eleventh through twenty-first chapters are con- 
cerned with the specific methods of taking the 
various fur bearers. The book ends with one chap- 
ter each on the care of skins, marketing, tanning 
furs, and trapping laws. 

The several discussions on trapping fur bearers 
are good as far as they go and will be of help to the 
beginner but have little to offer the experienced 
trapper. 

There is also considerable information on the 
biology and distribution of the fur-bearing species 
included. Unfortunately much of the data on pres- 
ent distribution and biology are incorrect. Such 
statements as “The weasel brings forth each year 
two or rarely three litters . . .” (p.61), “Its [red fox] 
weight is from thirty to thirty-five pounds” (p.97), 
“Like the raccoon, the animal [otter] often hiber- 
nates during cold weather . . .” (p.116), demonstrate 
a lack of accuracy since it has been shown that the 
weasel has but a single litter a. year, that it takes a 
large fox to weigh 13 pounds, and that the otter does 
not hibernate. In general the statements on distri- 
bution are reasonably correct. However, such state- 
ments as the timber wolf “. . . inhabits the western 
parts of the United States and many parts of Can- 
ada” (p.13) are highly misleading. The author’s 
concept of a species is not well founded as is shown 
by: “There are several other species of foxes [other 
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than red and gray], including the Black F ie 
Kit Fox, the Switt Fox, the White Fox, thet we 
Fox, and the Silver Fox.” Only five of the eg 
forms listed represent species. 

The book is well bound and printed on 
paper. Its appearance is attractive and it jg ¢ 
rated with numerous pen sketches. While ¢ 
sketches normally illustrate some trapping m 
they are not referred to in the text. 

It is unfortunate that our recent knowled 
distribution and biology was not drawn into % 
book. As it is, I cannot recommend it for beg} 
or professional trappers.—JAMEs R. BEER, Depa | 
ment of Entomology and Economic Zoology, Uni : 
versity of Minnesota, St. Paul 1, Minnesota, - : 


Tid 


wd 
Wisconsin's Renewable Resources; A Report on Re. 
search at the University of Wisconsin. By Jame 
A. Larsen. Published by the University of Wig | 
consin, Madison. xiv + 160pp. 1956. Limited © 
free distribution in paper- and cloth-bound copies, 4 


“If there is a single theme running through thy _ 
book, it is that research has done much to 7 
solve many of the problems posed by the need i 
manage wisely and well the natural, renewahk 
resources of Wisconsin.” 

The foregoing quotation comprises the first p 
graph of the Introduction to this book. Yet te 
book itself is more than a review of Wisea is 
research accomplishments in the field of natugl 
resource management. ag 

Part I deals with the history and ecology of such” 
basic resources as soil and vegetation. It reviey 
man’s uses and abuses of land and its produc, 
and concludes with a chapter on rural zoning, ~~ 

Part II is concerned with wildlife, its primitive: 
distribution and abundance, the effect of man and 
his activities on wildlife populations, and the hi 
of his attempts to manage game birds and mammal 
It includes chapters dealing with quail, pheasanig 
Hungarian partridge, prairie and sharptail gr 
waterfowl and whitetail deer. Advances in mai 
ment techniques resulting from research are aie 
phasized. a 

Part III considers water, particularly as it relat 
to fish populations and the aquatic organisms a 
which fish depend. Here, as in the case of wil 
life, basic research on problems in aquatic bioloj 
has led to advances in lake and stream managemi 
for better fishing. Accomplishments as well as need 
for further research are briefly reviewed. i 

The book is neither a text on game andi 
management nor a technical report on results 
individual research projects. It is, however, @ 
able and informative account of the conservall 
history of Wisconsin, with special emphasis on% 
role that research has played in furthering fishal 
wildlife abundance.—R. D. Burroucus, Mi¢ 
Department of Conservation. 
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